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THE CYANOSIS IN MITRAL STENOSIS 

Pedro Cossio, M.D., and Isaac Berconsky, M.D. 
Buenos Aires, Argentine 


I N THE beginning of the last century Corvisart 1 pointed out as a sign of 
heart affection a particular alteration of the face, characterized by a 
“violet coloration.” A few years afterward, Bertin 2 expressed in a 
more precise manner the significance of this facial characteristic noted by 
Corvisart, referring to it as a sign of “induration and constriction of the’ 
heart valves.” Subsequently, Bouillaud, 3 considering endocarditis and 
especially the symptoms and the diagnosis of the organic lesions of the 
valves with stenosis of the heart openings, referred to the facial changes 
in heart disease and reported a case of mitral stenosis in which there 
was this particular cyanotic tincture of the face. 

Later, Huchard 4 differentiated, among the diverse clinical pictures of 
mitral stenosis, the cyanotic form that is characterized by a pronounced 
violaceous coloration of the face and lips which appears with the least 
effort and without considerable manifestations of cardiac insufficiency. 

Barie, 5 considering the different types of facies in the valvular cardiop- 
athies, differentiated the “aortic facies” of dull white color similar to 
that seen in anemia and the mitral facies of a violaceous coloration, the 
lips and wings of the nose being livid-cyanotic and the cheek bones 
crossed by bluish venules. On this cyanotic ground one can perceive a 
light subicteric tint that is more pronounced in the conjunctivae. 

This particular cyanotic coloration which represents and distinguishes 
mitral stenosis has been explained by Walshe® as a result of interference 
with the oxygenation of the blood in the lung, brought on by the circula- 
tory hindrance arising from a mitral lesion which obstructs the outflow 
of blood from the lung. Dautrebande, Fetter, and Meakins, 7 on the other 
hand, on the basis of a study of blood gases in four patients with mitral 
stenosis without clinical signs of lung congestion, have claimed that the 
saturation of oxygen of the arterial blood was normal, but, as soon as the 
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venous pressure became increased and signs of visceral congestion ap- 
peared, arterial oxygen unsaturation set in. As the cyanosis of mitral 
stenosis is not well understood, it seems worth while to report studies on 
a group of patients. 

METHOD AND MATERIAL 

Each patient was investigated under basal conditions. The following measure- 
ments were made: The speed of the blood flow by the histamine 8 or by the deeliolin 
method;® the venous pressure by the direct method with a water manometer; the 
vital capacity of the lungs with the Verdin spirometer; the alveolar oxygen and 
carbon dioxide by the Haldane and Priestley method; 10 the oxygen and carbon 
dioxide content of the arterial and venous blood by the Van Slyke and Stadie 
method; 11 the arteriovenous oxygen difference; oxygen capacity of the blood; 
saturation percentage of the arterial and venous blood; reduced hemoglobin in 
capillary blood by the Lundsgaard and Van Slyke procedure;! 2 estimation of the 
degree of cyanosis according to the method already described p 8 and functional 
capacity according to the point of view of the American Heart Association^ 
(Table I). 

Twenty-two patients were investigated. The distribution of the eases was as 
follows: Mitral stenosis with sinus rhythm, 3; mitral stenosis with auricular 
fibrillation, 14; mitral stenosis with aortic regurgitation and sinus rhythm, 4; 
mitral stenosis with aortic regurgitation and auricular fibrillation, 1. The clinical 
diagnosis as well as the state of the lungs was established by clinical, radiographic 
and electrocardiographic examinations. In C cases the diagnosis was confirmed 
by necropsy (Cases 1, 2, 4, 11, 1G and 17). 

COMMENTS 

Among the 22 patients studied only 2 (Cases 12 and 15) had no 
cyanosis, while the other 20 presented varying degrees of cyanosis. In 
the 2 patients without cyanosis mitral stenosis coexisted with aortic re- 
gurgitation, although there were patients with cyanosis with this same 
combination of valvular lesions (Cases 16 and 17, Table II). 

Of the 20 patients with cyanosis (Table I), the reduced hemoglobin in 
the capillary blood was at least 4.5 gm. (which is the minimal quantity 
that is necessary for the appearance of the cyanotic coloration) in 15 
(Cases 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 16, 17 and 21). In these 15 pa- 
tients with cyanosis and increase of the reduced hemoglobin, the cause of 
the cyanosis varied. In 6 eases (Cases 3, 4, 6, 7, 11 and 21) it was periph- 
eral cyanosis; that is to say, there was an increased delivery of oxygen 
at the capillaries. In the other 9 (Cases 1, 2, 5, 8, 9, 10, 13, 16 and 17) 
it was of the mixed variety, due to increased delivery of oxygen, on the 
one hand, and to increased arterial unsaturation, on the other. The latter 
was never found to be the only cause of cyanosis, that is to say, cyanosis 
was never exclusively of the central variety. In some of the patients 
with mixed cyanosis (Cases 2, 5, 16, and 17), when the cardiac failure 
diminished, the arterial unsaturation lessened or even disappeared (Cases 
2 and 5), while with an increase of cardiac failure there was also an in- 
crease of the arterial unsaturation (Cases 16 and 17, Table II). 
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The greater peripheral utilization of oxygen, the cause of the cyanosis 
in the patients above mentioned, was due to circulatory stasis, which was 
partly a consequence of the existing cardiac failure (back pressure) and 
partly due to the venous hindrance in the region of the vena cava su- 
perior. This resulted from mechanical disturbances brought about by 
the enlargement of the left auricle and rotation of the heart due to 
stenosis of the mitral valve. 

Table II 


Arterial Oxygen Saturation, Capillary Hemoglobin, and Degree op Cyanosis 
in 4 Subjects With Mitral Stenosis With Varying Degrees op Functional 

Capacity 
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This mechanical disturbance at the level of the vena cava superior in 
mitral stenosis has been observed by us over and over again when we 
performed catheterization of the right auricle, introducing a catheter 
through a vein of the fold of the elbow. 15 In normal people, as well as in 
patients with arterial hypertension or aortic regurgitation with varying 
degrees of heart failure, the catheter reached the right auricle without 

Table III 

Venous Pressure and Arteriovenous Oxygen Difference in 7 Subjects With 
Mitral Stenosis Without Heart Failure 
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meeting any obstacle, taking the following course: vena axillaris and 
vena subclavia, the innominate vein and vena cava superior (Fig. 1). In 
the patients with mitral stenosis and enlargement of the left auricle, on 
the other hand, it was the rule that when the catheter reached the vena 
cava superior it met with an obstacle that prevented its arrival at the 
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right auricle ; thus in more than one instance, in trying to overcome the 
obstacle by force and pushing the catheter with maintained pressure, its 
point turned around and entered the internal jugular vein (Pig. 2). The 
presence of this obstacle at the level of the vena cava superior may ac- 
count satisfactorily for the increase of the venous pressure at the level of 
the elbow fold and the lack of correlation between pressure in the ex- 
ternal jugular vein and the degree of heart failure in mitral stenosis, as 
was seen in the observations in Table III. 

Increase of the arterial unsaturation as the cause of the central cyano- 
sis in several of the eases studied cannot be attributed to a venous- 



Fig. 1. — Radiogram showing the way followed by the catheter in arriving at the right 

auricle. 

arterial shunt resulting from a congenital cardiac malformation or to a 
decrease of the tension of oxygen in the alveolar air, i.e., to alveolar hypo- 
ventilation. 10 It has to be related to pulmonary congestion, as suggested 
by Mcakins and Davies, 17 and probably also to the alteration of the 
alveolar walls which Parker and Weiss 18 found in their histologic study 
of the lungs in cases of mitral stenosis. The stasis in the pulmonary cir- 
cuit disturbs the gaseous interchange between the alveolar air and the 
blood flowing through the indmonary capillaries, and in spite of the in- 
crease of the tension of the alveolar oxygen,. as shown by analysis of the 
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alveolar air, the blood leaves the lungs with a higher degree of unsatura- 
tion of oxygen. Abatement of the heart failure decreases the pulmonary 
stasis and the saturation of the oxygen of the arterial blood increases, 
as occurred in Cases 2 and 5. In Cases 16 and 17 the arterial saturation 
diminished considerably with increase in the degree of the heart failure, 
and the cyanosis was mixed (Table II). 

There remains to explain the light cyanosis of the cheeks and lips, i.e., 
the mitral facies in Cases IS, 19, 20, and 22, in which the blood that was 



extracted from the vein of the elbow fold and from the radial artery did 
not show the existence of the minimal quantity of reduced heinoglobin 
which is necessary for the development of cyanotic coloration (Table IV). 

As Harrison 19 has claimed, and Goldschmidt and Light 20 have shown 
there may be cyanosis in heart failure by the mere dilatation of the 
venous capillaries. The predominance of the venous capillaries in the 
capillary net is the reason that the blood which is contained in them de- 
termines the coloration of the skin. As a result of this, the skin appears 
cyanotic even when, according to the estimate of Lundsgaard and Van 
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Slyke, the quantity of the reduced hemoglobin in the capillary net does 
not exceed minimum values. 

The degree of heart failure (back pressure) and the obstacle at the 
level of the vena cava superior produced by the enlargement of the left 
auricle in mitral stenosis are held responsible for the blood stasis in the 
venous system and its consequence, namely, the dilatation of the venules 

Table IV 


Arterial Oxygen Saturation and Functional Capacity of 4 Patients With 
Mitral Stenosis and “Facies Mitral,” and With Reduced Capillary 
Hemoglobin Under “Cyanosis Threshold” 


CASE 

func- 
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satura- 
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CENT) 
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GLOBIN 

CAPILLARY" 
BLOOD (GJI. 
PER CENT) 
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is 
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98. IS 

2.9 

“Facies mitral.” Nail cyanosis (+). 

19 

2a 

98. 2 

3.6 

“Facies mitral.” Nail cyanosis (+). 

20 

1 

9S.S 

4.0 

“Facies mitral.” 

22 

2a 

96.9 

2.1 

“Facies mitral.” 


and venous capillaries of the face which causes the cyanotic coloration of 
the cheeks, chin, and lips (mitral facies), for which no increase of the 
reduced capillary hemoglobin is needed. 

SUMMARY AND CONCLUSIONS 

A study of the blood gases, alveolar air, venous pressure, and other 
aspects of the circulation was carried out in 22 cases of mitral stenosis, 
in 20 of which there were varying degi’ees of cyanosis. The cyanosis was 
due in G cases to a greater peripheral utilization of oxygen (peripheral 
cyanosis), and in 10 cases to increased peripheral utilization in the 
capillary net and to the increase of the oxygen unsaturation of the 
arterial blood (mixed cyanosis) ; in 4 cases the data obtained did not ex- 
plain the cyanosis. 

The dilatation of the small veins in the capillary net was brought on 
either by the venous hypertension of heart failure (back pressure), or by 
the increased pressure caused by an obstacle at the superior vena cava 
level, the presence of which was shown by catheterization of the heart; 
the latter may be the sole cause of the mitral facies. 

Wc wish to express our gratitude to Professor Houssay for having allowed us 
to make some of the measurements of blood gases in the Department of Physiology, 
and to Dr. Soma Weiss for suggestions in the preparation of the manuscript. 
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CORONARY ARTERY DISEASE ANALYZED POST MORTEM 


With Special Reference to the Influence of 
Economic Status and Sex 

William H. Gordon, M.D., Edward F. Bland, M.D., and 
Paul D. White, M.D. 

Boston, Mass. 

C ORONARY artery disease as a cause of disability and death has 
been observed to occur with greater frequency among the econom- 
ically well-to-do classes. This observation has been based largely on 
clinical impressions and, insofar as we are aware, has not been ade- 
quately substantiated by post-mortem findings. It was for this reason 
that in the course of an extensive study of coronary artery disease post 
mortem a special investigation was undertaken. 

Studies relevant to the post-mortem incidence and degree of coronary 
atherosclerosis have been relatively few in number, 1 ’ 2 ’ 3 > 4 and were made 
primarily to determine the influence of age, sex, and, in one instance, 
of race. No attempt was made, however, to note the apparent influence 
of “economic status” on the general incidence and distribution of the 
coronary artery disease. 

To help in the solution of this problem, we have examined the post- 
mortem records of the Massachusetts General Hospital. They include 
a considerable number of cases from private departments (Phillips 
House and Baker Memorial) representing economically well-to-do 
patients, for comparison with cases from the public wards representing 
economically less fortunate members of society. We have determined the 
incidence and degree of significant coronary artery disease occurring in 
these two groups in order to test the accuracy of our clinical opinion. 

It should be mentioned, however, that the patients now treated in the 
general wards of the Massachusetts General Hospital are not repre- 
sentative of the usual ward population seen in large city hospitals, or 
even representative of its own ward population of twenty years ago. 
From an economic point of view one would say that they come largely 
from the low middle class of wage earners, many of whom are able to pay 
in part for their hospitalization. 

Through the courtesy of Dr. Tracy B. Mallory, we studied 3,400 
consecutive post-mortem records of the Massachusetts General Hospital, 
dated from February, 1925, to September, 1937 A' A careful examination 

Received for publication July 20, 193S. *- 

Read before the American Heart Association at San Francisco, June 10. 1938. 
‘During' tills period 3800 post-mortem examinations were made, but because of 
certain restrictions the heart was either not examined or by superficial palpation only, 
in 400 instances. Prior to February, 1925, the description of the macroscopic appear- 
ance of the coronarv arteries was not always sufficiently complete to be of value in the 
present analysis. 
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of tlie coronary arteries and their larger brandies had been recorded 
in each instance, along with a detailed account of the macroscopic lesions. 


Table I 

Incidence and Degree of Coronary Atherosclerosis 
3,400 Consecutive Post-Mortem Cases 


AGE 

GROUP 

TOTAL 

CASES 

coronary atherosclerosis 

CASES 

WITHOUT 

occlusion 

NARROWING 

WITH 

OCCLUSION 

TOTAL 

0- 20 

502 

5 

0 

o 

0 

; 


(1.0%) 




21- 40 

575 

104 

S 

7 

15 



(18.0%) 

(7.8%) 

(6.7%) 

(14.5%) 

41- GO 

1,271 

656 

162 

so 

242 



(51.7%) 

(24.9%) 

i (12.8%) 

(37.7%) 

61- SO 

990 

805 

300 

109 

409 



(81.3%) 

(37.2%) 

(13.3%) 

(50.5%) 

Sl-100 

62 

59 

33 

7 

40 



(95.0%) 

(56.0%) 

(11.9%) 

(67.9%) 

Total 

3,400 

1629 

503 

203 

706 


POST-MORTEM DATA 

As shown in Table I, the 3,400 cases were divided on the basis of age 
into five groups of twenty years each. For the purpose of our analysis 
this appeared to be a relatively simple arrangement which emphasizes 
the three age periods (21 to SO) of greatest clinical importance. The pos- 
sibility of error in estimating the degree of coronary artery narrowing is 
necessarily large. In order to minimize this possibility in our compari- 
sons, we included only cases exhibiting definite narrowing or actual 
occlusion of the coronary arteries which we termed “significant coronary 
artery disease.” 

Sex Relationship . — The clinically observed disproportion between the 
incidence of coronary artery disease in men and women is amply sup- 
ported by our studies. The disproportion was greatest in young 
adults, the men outnumbering the women approximately three to one, 
with regard both to significant coronary disease and to complete oc- 
clusion. In the middle age group the disproportion was less, especially 
as regards uncomplicated narrowing, in respect to which our figures 
indicated no significant difference. In instances of occlusion, however, 
the men still outnumbered the women two to one. A finding of consider- 
able interest in the study was that at the age of 70 years, and over, there 
was no significant sex difference in the occurrence of coronary changes. 

It seems, then, that insofar as sex is concerned the factor or factors 
responsible for the sex disproportion in coronary atherosclerosis are most 
effective in young adults, less significant in those of middle age, and of 
little or no importance in old age. Thus, if the male survives the hazards 
of coronary disease in youth and middle age he is on a par with the 
female in this respect in old age. 
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Economic Status . — Tlie presence in this series of 600 patients from 
the private departments of the hospital offered an opportunity for 
special comparative study of this important group. A large number of 
post-mortem examinations is necessary for the establishment of reliable 
generalizations; those included here will serve as a nucleus for further 
comparison. It is essential to examine the data in relation to the age 
and sex of the individual groups. Furthermore, due to the extreme 
rarity of significant coronary artery disease prior to the age of 20 years, 
and its great frequency after the age of 80 years, only those patients 


P rivate Ward Private lard. 


21-40 


16 /o 


41-60 


6* 

8* 


d 26 jg 


I 


Privat e 



24 £ 


10 £ 


19 85 133 523 

575 1271 

Unconpllcated coronary artery narrowing 


61-80 


4 $ 


I ■ 


215 590 

990 


34S 1 


11 $ 


Hi Coronary occlusion or Infarction 

Fig. 1. — A comparison of the incidence and degree of coronary atherosclerosis on the 

basis of economic status. 


whose age at time of death fell between 20 and SO were included for this 
special study in relation to economic status. 

Certain questions of a statistical nature arose when an attempt was 
made to analyze the material in detail. For example, it was necessary 
to determine whether the reasons for hospitalization and cause of death 
in the two groups were comparable. Also, in the course of tabulation 
and comparison, the number of cases occurring in certain groups was 
necessarily small, making it difficult to evaluate their significance. How- 
ever, after making surveys of samples chosen at random from the total 
series, and after making computations for the determination of signif- 
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icanee, Mr. Herbert Marks of the Statistical Bureau of the Metropolitan 
Life Insurance Company stated that the reason for hospitalization and 
the cause of death in the two groups were comparable, and that the 
number of patients in the groups used in the study was sufficient to serve 
as a basis for statistical conclusion. 

The general level of coronary atherosclerosis in the private patients in 
all age groups was consistently greater than in those from the general 
wards. Furthermore, the incidence of coronary artery narrowing and 
occlusion follows this general trend. 


Private 

Rales 


21-40 


Ward 

Ilaleo 


Private 
Rale a 


41-60 


20 % 



0% 

10 % 


Ward 

IJaJ-eg. 



2455 


Private 

VbT fin 


61-80 



22.52 


12.22 


15 

50 


60 

287 


372 

692 


Ward 

galea, 




I 

133 

154 


I 

410 

509 


14,2 


fca) Uncomplicated coronary artery narrowing 


Coronary occlusion or Infarction 


Fig. 2. — A comparison of the incidence and degree of coronary atherosclerosis In 
males on the basis of economic status. 


In the young adults between 21 and 40 years of age the presence of 
seven instances of occlusion in the ward group in contrast to none in 
the private group is of some interest and suggests the need of further 
study. In spite of this finding, the incidence of recognizable narrowing 
of the vessels remained higher in the private patients of this age. 

The most striking difference, however, between the two economic 
groups is reflected in the incidence of coronary occlusion in those be- 
tween 41 and 60 years of age. The incidence in the private group was 
twice as great as in the ward group. This is a significant diff erence, 
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since the total number of post-mortem examinations in both groups for 
this age is considerable. The continued predominance of coronary occlu- 
sion in the private patients in the next group (between 61 and SO years 
of age), although somewhat less striking, is still significant. 

A further comparison of the two economic groups as regards sex 
necessarily reduces the number in certain instances to a level which 
rendered conclusions unreliable. It was justifiable, therefore, to com- 
pare only the male patients of the two groups. The greatest differences 
occurred in the middle age groups, in which coronary occlusion was 
twice as prevalent among the private patients as among those in the 
ward (Fig. 2). 

CONCLUSIONS 

In a study of the records of 3,400 consecutive post-mortem examina- 
tions made at the Massachusetts General Hospital between February, 
1925, and September, 1937, the following facts were ascertained : 

1. After the age of 70 years there was no difference in the incidence 
of coronary artery disease in men and women. Before that age there 
was much more in men than in women. 

2. The relative incidence and the degree of coronary atherosclerosis 
were found to be significantly greater in the 600 patients from the 
private departments than in the 2,800 patients from the general wards. 
The greatest difference occurred in the middle-aged patients, in whom 
coronary occlusion was found to be twice as frequent in the private 
group. Tlus difference was most striking in the middle-aged males. 
These findings are in general agreement with clinical impressions. 
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THE ISOLATION OF NICOTINE FROM HUMAN URINE* 

0. M. Helmer, Ph.D., K. G. Kohlstaedt, M.D., and 
Irvine H. Page, M.D. 

Indianapolis, Ind. 

N ICOTINE usually elevates arterial blood pressure in man when it 
is absorbed in sufficient amounts from tobacco smoke. When it is 
injected into cats or dogs it causes powerful vasoconstriction and rise of 
arterial pressure. Since it is absorbed in large quantities daily by count- 
less people, it is a matter of importance to ascertain its fate in the body. 
We have examined urine for its presence. 

EXPERIMENTAL 

Method of Extracting Pressor Substance From Urine. — Urine was collected from 
normal persons. It was made alkaline with sodium hydroxide (1 to 2 gm. of 
sodium hydroxide per liter) and extracted with ether in continuous extractors (two- 
liter capacity) for twenty-four hours. The ether extract was transferred to sep- 
aratory funnels, washed with distilled water, and extracted three times with 0.1 N 
hydrochloric acid (about one liter of acid for a forty-eight-liour urine specimen). 

The hydrochloric acid extract was reduced to small volume by means of vacuum 
distillation, transferred to a small beaker, and evaporated to dryness on a steam 
bath to remove the last traces of hydrochloric acid. The dry residue was taken 
up in 0.9 per cent sodium chloride solution, adjusted to neutrality with one N 
sodium bicarbonate solution, and made up to a standard volume of 6 c.c. From 
0.1 to 1 c.c. of this extract was used for the assay. 

In addition, pressor extracts were prepared by extraction of alkaline urine with 
benzene instead of ether. Active extracts were also obtained by adsorption and 
elution from animal charcoal by the technique described by Bain.i 

Methods of Preparing Animals. — Arterial pressure was measured in cats weigh- 
ing 2 to 3 kg. by inserting a cannula into a carotid artery and connecting it to 
a mercury manometer, using heparin as anticoagulant. The remaining carotid 
artery was ligated; both vagi were cut and a tracheal cannula was inserted for 
artificial respiration. The cat was now decerebrated on the Sherrington guillotine. 
Some animals were pithed after decerebration and others were pithed without being 
decerebrated. A pithed cat anesthetized with pentobarbital (33 mg. per kg. intra- 
peritoneally) was found to be most satisfactory for assay of the pressor effect of 
urine extracts. The material to be tested was injected into a femoral vein. 

A few experiments were carried out on dogs prepared in a similar manner, 
using paraldehyde (1.7 c.c. per kg.) as the anesthetic. 

Pressor Effects of Extracts of TJrine and of Oxalates and Picratcs 
Prepared from These Extracts. — Numerous extracts of pooled urine 
specimens 'which were collected from normal men were prepared. Ex- 
tracts made by ether extraction gave most uniform effects on the blood 
pressure of pithed cats (Fig. 1 A). 

IndiSapol's 16 Laboratory for Clinical Research. Indianapolis City Hospital, 
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Solutions of crystalline derivatives (oxalate and picrate) of the 
pressor principle prepared from large quantities of normal urine pro- 
duced an elevation of arterial pressure similar to that obtained from 
crude urine extracts. Comparable injections into the same animal re- 
vealed that the crystalline derivatives from urine extract were approxi- 
mately as active as nicotine (Fig. 2). The supernatant fluid after re- 
moval of oxalate or picrate crystals produced no rise in arterial pressure. 
Likewise, solutions of sodium oxalate or picrate were found to have no 
pressor effect. 

Comparing portions of the same extract, there was no difference in the ' 
height of the blood pressure rise produced in cats under ethyl urethane 
(subcutaneously), paraldehyde (orally), ether (inhalation), or pento- 
barbital (intraperitoneally) anesthesia. Greater rises in arterial pres- 
sure were produced in cats which were either decerebrated or pithed 
than in the intact animal, but there was no appreciable difference 
between decerebrated and pithed animals. 

When 8 mg. of cocaine were previously injected as a sensitizing agent, 
the rise in blood pressure produced by the same dose of urine extract 
was neither augmented nor inhibited, although this amount of cocaine 
doubled the response to adrenin and partially inhibited the action of 
tyramine. The pressor effect of urine extracts was not reversed to 
depressor by previous injection of ergotoxine. The urine extract differed 
from adrenin and tyramine in that when injections were rapidly re- 
peated (at intervals of less than fifteen minutes) the animals soon 
became refractory. About forty minutes were required to restore the 
original degree of reactivity. 

Bilateral adrenalectomy did not alter the responsiveness of pithed 
cats to the action of urine extracts (Fig. 1 A). 

Other Pharmacologic Properties. — Contractions of the nictitating 
membrane were regularly produced by injection of extracts which 
simultaneously produced a marked rise of arterial pressure. Greater 
contractions of the nictitating membrane were obtained with tyramine 
than with urine extracts, although the rise in arterial pressure was less. 
Large doses of extracts (1 to 2 c.c.), when given to intact or decerebrated 
animals, often produced twitchings of voluntary muscle, vomiting, defe- 
cation, convulsions, and death. 

Comparative Study of Individual Forty -Eight-Hour Urine Specimens. 
— Extracts of forty-eight-hour urine specimens obtained from a group 
of twenty-two normal men were tested several times on different cats 
and the average rise of blood pressure produced by 0.5 c.c. of each ex- 
tract was calculated. Some of these extracts were also tested on dogs. 
The dogs were given 2.0 c.c. of extracts from nonsmokers and 0.2 c.c. 
of extracts from those who smoked. (All extracts were prepared so that 
6 c.c. of the extract were equivalent to the total fortv-eight-hour urine 
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specimens.) Much larger rises in blood pressure were produced by 
extracts obtained from the men who smoked than from those who 
indulged occasionally or not at all (Table I). 
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x. — A, The effect of O.S mg', of nicotine picrate crystals prepared from pooled 
normai urine given intravenously to an adrenalectomized pithed cat under P®tyo- 
harbital anesthesia. B. The effect of intravenous injection in a dog under paraldehyde 
anesthesia with vagi cut of (1) 0.3 c.c. of urine extract from period in which forty 
cigarettes were used, ( 2 ) 0.3 c.c. of urine extract from first twenty-four hours in 
which no tobacco was used, and (3) 0.3 c.c. of urine extract from the second twenty - 
four-hour period after smoking had been stopped. 



Fig. 2. — The effect of ( A ) the intravenous injection of 1.2 nig. of nicotine picrate 
crystals from pooled normal urine into pithed cat under pentobarbital anesthesia, and 
of (jB) the intravenous injection given forty minutes later of 1.2 mg. of nicotine. 


The effect of stopping the use of tobacco on the amount of nicotine 
extracted from the urine was demonstrated by withholding cigarettes 
for a forty-eight-hour period from one subject who regularly smoked 
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forty cigarettes a day, and collecting twenty-fonr-liour urine specimens 
during this period. In the same dog, a much smaller rise in blood pres- 
sure was produced by extracts of urine collected during nonsmoking 
periods than by the extract of urine collected when the subject was 
smoking his usual number of cigarettes (see Fig. IB). 

Table I 

The Effect of Ixjectiox of Urine Extract on Blood Pressure of Pithed Cats 

and Intact Dogs 



AMOUNT OF TOBACCO 
USED PER 24 HOURS 

AVERAGE RISE IN 
BLOOD PRESSURE 
(MM. HG) 

NUMBER OF 

EXTRACTS 

TESTED 

Cats: 


Occasional cigarette 

21 

11 


Occasional pipe 

37 

4 

Nonsmokers or occa- 

Total abstinence 

33 

n 

O 

sional smokers 

Total abstinence 

35 

o 

«j 

(0.5 c.c. of extract 

Total abstinence 

3S 

o 
* > 

given) 

Total abstinence 

34 

l 

Total abstinence 

11 

1 


Total abstinence 

4 

2 


40-50 cigarettes 

270 

5 


40-50 cigarettes 

1S3 

2 


40 cigarettes 

250 

4 


40 cigarettes 

190 

2 


30 cigarettes 

210 

6 


30 cigarettes 

131 

n 

o 

Smokers 

30 cigarettes 

93 

4 

(0.5 c.c. of extract 

20 cigarettes 

135 

5 

given) 

20 cigarettes 

150 

1 


20 cigarettes 

112 

2 


20 cigarettes 

100 

1 


20 cigarettes 

73 

2 


20 cigarettes 

30 

o 


4-5 cigars + pipe 

134 

1 

Dogs : 


None 

0 

1 


None 

S 

1 


None 

4 

1 

Nonsmokers or occa- 

None 

10 

1 

sional smokers 

None 

8 

1 

(2.0 c.c. of extract 

None 

2 

1 

given) 

None 

4 

1 

None 

10 

1 


None 

S 

1 


None 

10 

1 


40 cigarettes 

30 

1 

Smokers 

50 cigarettes 

24 

1 

(0.2 c.c. of extract 

50 cigarettes 

3S 

1 

given) 

4 cigars + pipe fre- 
quently 

Od 

1 

Isolation and Identification of Nicotine from Normal Urine . — The urine was made 

alkaline with sodium hvdroxide and extracted in a 

continuous ether 

extractor of 

large capacity (20 liters). 

The ether extract was 

washed with distilled water in 


a separatory funnel and extracted three times with 0.1 N hydrochloric acid. The 


hydrochloric acid extract was concentrated to a small volume by vacuum distillation. 
It was made alkaline by sodium hydroxide in the cold. The alkaline extract was 
steam-distilled until the distillate no longer gave a precipitate with silicotungstic 
acid. The distillate was extracted in a separatory funnel with ether until the 
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aqueous phase no longer gave a precipitate with silieotungstic acid. The combined 
ether extracts were dried with anhydrous sodium sulfate and filtered through paper. 
A solution of anhydrous oxalic acid in anhydrous ether was then added to the 
clear, colorless solution until precipitation was complete. The solution was allowed 
to stand in the icebox overnight. 

"The oxalate was dissolved in a small quantity of warm absolute alcohol and 
allowed to stand in the icebox for twenty-four to forty-eight hours. A crystalline 
oxalate deposited which had only a slight pressor activity. A further precipitate 
could be obtained by the addition of dry acetone. This oxalate was strongly pressor. 
A sticky residue was obtained on evaporation of the mother liquors which also had 
strong pressor properties. The oxalates failed to give sharp melting points, hence 
they were converted into picrates. The oxalates precipitated by acetone and the one 
recovered by evaporation were dissolved in water, made alkaline with sodium hydrox- 
ide, and again subjected to steam distillation. The distillate was transferred to a 
separatory funnel and extracted with ether. The ether solution was dried with 
anhydrous sodium sulfate and filtered. Alcoholic solution of picric acid was added 
and the precipitate recrystallized from warm alcohol. A light yellow crystalline 
picrate was obtained. The following data showed that it was nicotine picrate. 

Nicotine picrate prepared from nicotine melted at 215 to 216.5° (un- 
corrected). A mixture of picrate prepared from urine (2.5 mg.) and 
nicotine picrate (2.5 mg.) melted at 215 to 216° (uncorrected). The 
results of analysis of the urine picrate are given in Table II. 


Table II 



PICRATE FROM URINE (%) 

CALCULATED FOR NICOTINE 
PICRATE (%) 

c = 

42.61 

42.57 

H = 

3.18 

3.25 

N = | 

1S.00 

18.06 


DISCUSSION 

It has been shown that nicotine can be isolated in crystalline form as 
oxalate or picrate from the urine of human beings who smoke tobacco. ® 
The pharmacologic properties of the substance isolated from urine are 
identical with those of pure nicotine. If tobacco smoking is discon- 
tinued, nicotine almost disappears from the urine within three to four 
days. 

It has been known for many years that the injection of urine or 
extracts of it into anesthetized animals often produces a rise in arterial 
pressure. This has formed the basis of much speculation concerning the 
association of urinary pressor substances with the genesis of hyper- 
tension. Extracts of urine have been studied by several investiga- 
tors, 1 - 2 - 3 but it is not always possible to ascertain from the description 
of the method of preparation whether the pressor substance was nicotine. 
In some cases it probably was. 

It is understandable why much confusion exists concerning the results 
of urin e examination for pressor substance from patients with hyper- 

♦Extracts of blood which appear to contain nicotine have also been prepared. 
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tension. In some, smoking was probably strictly interdicted, as for 
example, during hospitalization, while in others, as a result of confine- 
ment and emotional disturbance, indulgence was greater. Since the 
substance responsible for a large part of the pressor activity of urine 
extracts is nicotine, the relation of pressor activity to the condition of 
the patient would depend chiefly on whether tobacco was being used. 

Little is known of the metabolism of nicotine. Biebl, Essex, and 
Mann 4 showed in heart-lung preparations from dogs that the ability of 
liver to destroy nicotine was greater than an equivalent mass of hind 
limb, and that the action of a comparable dose of nicotine on the blood 
pressure of a dog was much more pronounced after hepatectomy than 
before. It has been suggested that nicotine might be excreted in urine, 
but the evidence for it has rested chiefly on the observation that extracts 
of urine or organs cause contraction of leech muscle. 5 ’ G Perez 7 has 
attempted to determine nicotine in urine by silicotungstic acid. It is 
difficult to say how successful he was because there appears to be no 
record of the amount he could recover by his method or how much was 
pure nicotine. He has shown wide variation in the nicotine content of 
various tobaccos, and suggested that nicotine might be retained in the 
body when renal function was reduced. 

SUMMARY 

1. Nicotine has been isolated as crystalline oxalate and picrate from 
the urine of persons who smoke. Its pharmacologic properties are the 
same as those of pure nicotine. 

2. Most of the nicotine disappears from the urine within three to four 
days after smoking has been discontinued. 

3. Nicotine appears to be the substance responsible for the marked 
pressor action of many urine specimens. Unless tobacco has been 
eliminated as a source of pressor substance in urine, conclusions relating 
urinary pressor substances to arterial disease may not justifiably be 
drawn. 
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TISSUE PRESSURE: AN OBJECTIVE METHOD OF 
FOLLOWING SKIN CHANGES IN SCLERODERMA 

William A. Sodeman, M.D.,® and George E. Burch, M.DA 
New Orleans, La. 

T HERE has been no satisfactory objective method of estimating the 
effect of therapeutic procedures on the skin changes in scleroderma. 
We believe that the estimation of tissue pressure may be used in this 
way. The hardened and slowly contracting skin would be expected to 
have a direct effect upon the tissue pressure, particularly in the ex- 
tremities where pressure is brought to bear upon the encased tissues 
from all sides. While making observations on this pressure in the sub- 
cutaneous tissue in patients with vascular disease, we found elevated 
values in scleroderma, 1 indicating that changes in tissue pressure might 
be used as an index of the progress of the disease. The present study 
was undertaken to evaluate this relationship. 

The method has been described elsewhere. 2 It consists (Fig. 1) essentially of a 
IT-tube water manometer (a) which is connected by rubber tubing (b) to a rubber 
pressure bulb (c) controlled by a screw clamp (d) and also connected to a 1.0 mm. 
bore glass adapter (e) to which is fastened a 27-gauge needle (/). Parallel lines, 
etched at millimeter intervals in the wall of the adapter, facilitate reading of slight 
movement of the meniscus. The beveled end of the needle was occluded with solder 
and four openings symmetrically drilled into the lumen through the wall of its 
distal third. In use, sterile normal saline was drawn into the needle and about 
half the way up the adapter, and the pressure in the system brought to atmospheric. 
The needle was then inserted into the subcutaneous tissues of the part to be studied. 
The pressure in the system was slowly raised by the screw clamp until the meniscus 
in the adapter just began to move. This pressure was taken as the subcutaneous 
tissue pressure. Aseptic technique was used throughout. 

We have previously reported the normal range of tissue pressure for 
the common edema sites. 2 The values are summarized in Table I. The 
maximum value in any site was found to be 54 mm. of water at heart 
level. Elevations in venous pressure were found to influence tissue pres- 
sure. The full effect of venous pressure was not immediate; for short 
periods of time the effect was slight, but when prolonged, as in con- 
gestive heart failure, the tissue pressure was greatly elevated. Indeed, 
in all types of increasing edema studied, the tissue pressure was in- 
variably elevated. However, in receding edema, the values were lowered, 
at times even below normal, to return finally to a normal level. 2 Thus 
far, in the absence of edema or increased venous pressure we have not 
found an elevation in tissue pressure except in scleroderma. Other 
conditions may exist, for example, in an area in which there is increased 
intrinsic or extrinsic pressure. 

‘From the Department of Medicine. School of Medicine. Tulane Universitv of 
Louisiana, and from the Charity Hospital of Louisiana, New Orleans. J 
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Table I 

Subcutaneous Tissue Pressure (mm. TL.O) at Heart Level in Ten Normal 

Subjects 



DORSUM OF 

HAND 

VOLAR SURFACE 

OF FOREARM 

PRETIBIAL 

AREA 

DORSUM OF 

FOOT 

Mean 

17.9 


37.1 

30.S 

Maximum 

30.0 

■ 

54.0 

43.0 

Minimum 

S.O 

iKSmH 

1S.0 

15.0 


In seven patients with scleroderma we have found the subcutaneous 
tissue pressure to be elevated in the affected areas. The values varied 
from 338 to 26 mm. of water, the initial readings in these seven patients 
being 280, 234, 136, 76, 74, 34, and 28. Comparison of the mean values 

Table II 


Tissue Pressure in Seven Patients With Scleroderma (mm. II., 0) 


NO. 

AGE 

AND 

SEX 

SITE 

REMARKS 

1 

21 

F 

Eight 

forearm 

4/22/37 

2S0 

4/23/37 

Eight 

cervical 

Sympa- 

thee. 

4/2S/37 

Edema 

338 

5/ 4/37 
Parathy- 
roidec- 
tomy 

6/17/37 

216 

S/24/37 

128 

5/31/38 

112 



Eight 

forearm 

Left 

forearm 

S/24/37 

234 

50 

S/25/37 

Left 

cervical 

Sympa- 

tliec. 

9/30/37 

Mild 

edema 

6S 

11/11/37 

240 

320 

76 




9 

F 

Left 

pre- 

tibial 

7/ S/37 
74 

7/15/37 

Left 

lumbar 

Sjunpa- 

tliec. 

11/ 9/37 
ISO 

3/18/3 S 
134 

5/13/3S 

108 

i 



52 

M 

Dorsum 

Right 

hand 

Dorsum 

Left 

hand 

2/16/3S 

25 

26 

2/17/3S 

Thyroid 

extract 

started 

4/11/3S 

34 

26 





5 

29 

M 

Dorsum 

Eight 

hand 

76 




' 



6 

7 

4S 

M 

Dorsum 

Eight 

hand 

136 







42 

F 

Dorsum 

Eight 

hand 

Dorsum 

Left 

hand 

12/1S/37 

34 

2S 

5/30/3S 

26 

38 







with the normal is illustrated in Fig. 2. The values not only varied 
from patient to patient but also from region to region in the same pa- 
tient, depending upon the degree of the process (Table II). For 
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example, in one patient (No. 2), with areas of calcification and with 
localized patches in which the sclerodermatous process was more marked 
than in the surrounding skin, the tissue pressure varied considerably. 
In one of these thickened areas in the right forearm the tissue pressure 
was found to be 320 mm. of water, while in a less involved nearby area 
the value was 240. In the opposite, less severely involved arm, the value 
was found to be 76 mm. of water. It appeared, therefore, that the tissue 
pressure varied with the degree of involvement. 




of Hand Tors arm Area 

Eza Normal mm Abnormal 

Fig'. 2. — Mean initial determinations in seven patients with scleroderma, compared 

with mean normal values. 

A similar relationship was found from patient to patient. In patients 
No. 4 and 7, with early changes, tissue pressure was found to be within 
the upper limits of normal, while in patient No. 5, with more marked 
involvement, the value was distinctly elevated. Again, in patient No. 6, 
with a still more marked process, the pressure was found to be even 
higher. 

Not only does tissue pressure serve as an objective method for de- 
termining the degree of the sclerodermatous process, but it may also 
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serve as a method for quantitatively measuring the degree of change in 
the involved area from time to time, with or without the influence of 
therapeutic measures. In a typical patient (No. 1), followed for thir- 
teen months, distinct changes were noted in the subcutaneous tissue pres- 
sure. The value in the dorsum of the right forearm, which was mark- 
edly involved, was 280 mm. of water. Five days latex', following a right 
stellate ganglionectomy, the value rose to 338 mm. of water. At this 
time the patient had edema of the entire right ai’m. A parathyroidec- 
tomy was performed eleven days later. Six days following this opera- 
tion, the tissue pressure was found to be 216 mm. of water, and nine 
weeks later it had di’opped to 128 mm. of water. Clinically, as well, the 
patient had impi*oved. All determinations were made in the same ai’ea. 
That the procedure may also follow the increased severity of the disease 
is exemplified by patients No. 2 and 3 in whom, in spite of therapeutic 
procedures, the initial values of 50 and 74 mm. of water increased to 76 
and 180 mm. of water, respectively. 

Patients have not yet been followed sufficiently long to evaluate the 
merits of various therapeutic procedures, and the present report is 
limited to a demonstration that measurement of tissue pressure may be 
used as an objective method of following these changes. A detailed 
report of i*esults and an evaluation of thei'apeutie procedures, together 
with other physiologic observations, will be published at a later date in 
collaboi'ation with the Department of Surgery. 

COMMENT 

There is much indirect evidence 3 to indicate that the conti*acting skin 
of sclerodei'ma increases the pressure on the underlying structures. 
The appearance of the skin and the pathologic changes in the under- 
lying structures have long indicated this possibility (Fig. 3). As early 
as 1898, Osier 4 described the patient as “encased in an ever shrinking, 
slowly contracting skin of steel.” The skin is stretched and smooth, 
with obliteration of the ridges and sulci. As Mayo and Adson 3 state, the 
changes, such as cyanosis, swelling, pain, atrophy, contraction, de- 
formities, and disuse, simulate those that arise from a plaster cast that 
is too tight. The skin is pale, particularly over the prominences when 
the hand is flexed. Furthermore, it has been noted, 3 and this was well 
shown in one of our patients, that extension of the fingers resulted in 
ischemia of the finger pad, an indication of the tightness of the skin. 
Further indirect evidence of the increased pressure on the underlying 
tissue is the disturbance in circulation. Skin temperature and pulsatile 
phenomena are diminshed in the involved areas, apparently as a result 
of the increased pressure upon the blood vessel walls. Our direct de- 
terminations of the subcutaneous tissue pressure substantiate this belief. 
As far as we know, this is the first time that increased pressure in the 
subcutaneous structures has actually been directly demonstrated in this 
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disease. Since the phenomena accompanying the increased pressure 
appear to parallel the severity of the disease, we have available now 
a direct method whereby we may not only follow the general course of 
the disease, but also the variations in the severity of the process in dif- 
ferent areas. It is obvious that a rise in tissue pressure may occur 
before the process is manifest clinically. Under such circumstances tissue 
pressure determinations may lead to a diagnosis of sclerodermatous 
changes before the disease may be recognized in that patient or in a 
particular area by other methods. 

It is well known that vascular changes may precede the development 
of scleroderma and also that such changes may be secondary to the 
sclerodermatous process. Our results give direct evidence upon a mecha- 
nism of the latter type. With tissue pressures of the magnitude which 
we have found, which have exceeded the normal venular and capillary 



A. B. 

Fig:. 3. — Section of normal skin (A) and sclerodermatous skin (J5), showing the 
differences in quality and quantity of dermal structures. 


pressures, one would expect a collapse of these vessels. Permanent col- 
lapse would be prevented by a building up of the venular and capillai'y 
pressures from the arteriolar side, provided no collateral circulation 
were possible. It is conceivable that in a localized area, if the process 
were severe, and if a collateral circulation were adequate, a rise in tissue 
pressure, exceeding the venous pressure and the pressure of the adjoin- 
ing tissues, could result in localized ischemia and atrophy. Proximal 
to the involved areas in which the tissue pressure exceeds the normal 
venous pressure, the venous pressure would fall to its usual normal 
value. This is exemplified by the conditions existing when a pneumatic 
cuff about the upper arm is inflated to a value exceeding the normal 
venous pressure and less than diastolic blood pressure. In such an 
instance the venous pressure distal to the cuff will build up and equal 
the cuff pressure to re-establish the circulation, while the venous pres- 
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sure proximal to the cuff is unaffected. As a routine measure, venous 
pressure measurements are difficult in these patients because of the char- 
acter of the skin and the small size of the veins in the involved areas. 
Fortunately, however, a small vein was accidentally entered while taking 
the tissue pressure in the dorsum of the arm in one of our patients. The 
venous pressure in this vein at heart level was 228 mm. of water, while 
the pressure at heart level in tlie uninvolved antieubital space was 86 
mm. of water. Such direct venous pressure determinations made with 
the tissue pressure apparatus are extremely accurate, as we have shown 
elsewhere. 0 

Such an interrelationship of tissue pressure and intravascular pres- 
sure would demand that a rational approach to the treatment of sclero- 
derma include measures which tend to reduce the tissue pressure in these 
subjects. We are at present engaged in studying certain aspects of this 
problem. 


SUMMARY AND CONCLUSIONS 

1. The determination of tissue pressure may be used as an objective 
method for evaluating changes in the skin of patients with scleroderma. 

2. The subcutaneous tissue pressure at heart level in the involved 
areas in seven patients with scleroderma was found to vary from 26 to 
320 mm. of water in the absence of edema. In normal individuals com- 
parable determinations have never exceeded 54 mm. of water. 

3. The effect of the increased tissue pressure of scleroderma upon the 
contained blood vessels has been discussed. 

4. Since the subcutaneous tissue pressure can be objectively de- 
termined and recorded by this method, and since this pressure has been 
found to vary with the severity of the sclerodermatous process, it offers 
promise as a guide to the effectiveness of therapeutic procedures. The 
method also offers a diagnostic aid in patients suspected of scleroderma 
when clinical findings are minimal and before subjective symptoms have 
become prominent. 
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THE POSTPHLEBITIC VARICOSE ULCER 

Surgical Treatment With Special Reference to the Communicating 

Veins of the Lower Leg* 

Robert R. Linton, M.D., and J. Kenneth Keeley, M.D. 
Boston, Mass. 

I N GENERAL there are two types of ulceration of the lower leg asso- 
ciated with varicose veins. This was pointed out originally by 
Homans, 1 in 1917. The first type is the simple varicose ulcer which is 
found in association with a varicose and incompetent condition of the 
long or short saphenous veins. They are readily healed by the oblitera- 
tion of the varicose veins by multiple injections of a sclerosing solution 
into the involved veins, or better by high ligation of the long or short 
saphenous veins in addition to the injections. The second type, the post- 
phlebitic varicose ulcer, is the ulceration which may develop on the lower 
leg from one to twenty years after a thrombophlebitis that has involved 
the deep veins of the leg. In contradistinction to the simple varicose 
ulcer, this type is characterized by its chronicity and the difficulty of 
obtaining a cure. The long or short saphenous veins or both of them are 
usually found incompetent in the postphlebitic leg. In addition, some or 
all of the communicating veins of the leg which connect the deep system 
of veins with the superficial ones are found to be incompetent. Thus, if 
the Trendelenburg test is carried out it will be found that the superficial 
veins of the lower leg fill rapidly from the deep veins through the com- 
municating veins as well as from superficial ones. It is felt that the in- 
competence of the communicating veins explains the difference between 
these two types of ulcers. 

An antecedent history of deep phlebitis cannot be elicited in all pa- 
tients with this type of ulceration. However, in most cases one gets a 
history that at some time previous to the appearance of the ulcer the 
patient developed a swollen leg following pregnancy, an operation, a 
serious illness, or severe trauma to the extremity. The appearance of the 
ulceration and the skin surrounding it is very characteristic. Frequently 
the actual ulceration will be only a few centimeters in diameter, although 
in long-standing eases it may completely encircle the leg. When the 
patient seeks medical treatment the ulcer is covered with a dirty exudate 
from which a variety of organisms may be cultured. Sometimes hemo- 
lytic streptococci are present, but as a rule they are not. The skin about 
the ulcer for a distance of 5 to 10 cm. presents a purplish cyanotic hue 
when the leg is in a dependent position. A dark brownish pigmentation 
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of the skin is seen in cases of long-standing ulceration. The more cen- 
tral portion of the skin frequently has an edematous, hypertrophied ap- 
pearance. After removal of a dressing over the ulcer it is not uncommon 
to observe many droplets of clear, amber-colored fluid form on the dis- 
colored skin. On palpation of the leg it is found that there is a brawny 
edema of the subcutaneous tissues which may encircle the leg from the 
level of the malleolus to just below the knee. More commonly the edema 
is localized to the inner aspect of the lower leg. There is usually a very 
sharp line of demarcation between the normal and the edematous tissues. 
In many cases due to the edema, and in others to fibrous tissue beneath 
the skin, it may be impossible to see or palpate the varicose veins. Fre- 
quently they are felt as soft elastic channels running through the brawny 
and fibrous subcutaneous tissues. 

The present forms of treatment of the postphlebitic varicose ulcer 
leave much to be desired. They may be divided into two types. The first 
are conservative procedures which may be termed “temporary healing 
measures. ’ ’ They consist in the use of elastic bandages, 2 paste boots and 
chemical applications such as gentian violet, 3 ’ 4 balsam of Peru, pastes 
and ointments of various materials, the injection of sclerosing solutions 
into the varicose veins, 5 and the electrical method of iontophoresis with 
acetyl-beta-methylcholine chloride. 0 It would be an unusual year in 
which no new types of ointments or chemicals were described in the 
medical literature. The multiplicity of these remedies is sufficient evi- 
dence of the ineffectiveness of all of them. 

The second type of treatment consists of surgical methods. These are 
chiefly the use of skin grafts either with or without excision of the ulcer. 
They have been described by Mayo, 7 Homans, 1 Trout, 8 Brown, et al.,° 
Pennoyer, 10 and Douglas. 11 The results by excision and skin grafting in 
our clinic have been gratifying in many cases, especially those done by 
Homans’ technique. Nevertheless, there are a certain number of failures 
and recurrences. Because of the unsatisfactory results with both the 
conservative and surgical methods of treatment a careful analysis of the 
cause of these ulcers was made. As a result of this study a new form of 
treatment was developed. 

The method that was devised is divided into five steps. The first one 
is the healing of the ulceration. This is accomplished by putting the pa- 
tient to bed and elevating the affected leg on pillows so that it is at, or 
slightly above, the level of the heart. Warm compresses of a 2 to 4 per 
cent horie acid solution are applied to the ulcer area every two hours. If 
hemolytic streptococci are present, compresses of a surgical solution 
(Dakin’s) of chlorinated soda are used. In some cases, when the ulcer is 
small, it will heal spontaneously under this regime. When the larger 
ulcerations become sufficiently clean, usually within one or two weeks, 
they are covered with Thiersch skin grafts. After ten days to two weeks 
the grafts will have taken solidly, and then the patient is ready for the 
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second step in the treatment. This consists in the ligation of the long 
saphenous vein of the affected limb at the saphenofemoral junction in 
the groin. If the ulcer is located on the posterolateral surface of the leg 
the short saphenous vein is ligated at the saphenopopliteal junction in 
the popliteal space. These operations are done under 1 per cent novo- 
cain infiltration anesthesia a few days before the patient is to be dis- 
charged from the hospital. It is important to ligate these veins at this 
time because it helps keep the ulcer from breaking open after the patient 
is allowed up. In addition, it is important to ligate them before operat- 
ing on the communicating veins, because if the incision for the latter 
should become infected, there is then no danger of septic emboli being 
cast off into the circulation from the saphenous veins, as occurred in one 
of the patients reported in this series. 

The third step consists in an ambulatory period of about six weeks. 
The treatment during this time is directed toward keeping the ulcer 
healed until the skin of the lower leg is sufficiently clean to permit liga- 
tion of the communicating veins of the lower leg without danger of infec- 
tion developing in the operative wound. Skin grafts will rapidly dis- 
integrate and the ulcer will soon recur if some support is not furnished 
to the lower leg. Accordingly, it was found that an elastic adhesive 
bandage applied directly to the skin from the toes to just below the 
knee provided excellent support in most cases. If a patient is sensitive 
to the adhesive compound on the bandage, an Unna’s paste boot is ap- 
plied instead. These forms of support should be changed every two 
weeks. In most cases it is possible by this means to prevent the re- 
currence of the ulcer and to get the skin in a condition for operation on 
the communicating veins Avithin six Aveeks from the time the patient Avas 
discharged from the hospital. 

The fourth step consists in the ligation of the communicating veins of 
the loAver leg. These are a series of vessels Avhich connect the deep and 
the superficial systems of veins. The former are the posterior tibial, 
anterior tibial, peroneal, and popliteal veins, and the latter are the long 
and short saphenous veins. Under normal conditions the comm uni cating 
veins have valves Avhich allow the blood to pass only from the superficial 
system to the deep system. The communicating veins of the loAver leg 
have been divided into three main groups ; the medial, the anterior, and 
the lateral (Figs. 1, 2, and 3). This Avas done in order to facilitate their 
surgical exposure. The medial group is made up of the posterior tibial 
and the medial subdmsion of the anterior tibial communicating veins. 
They connect chiefly Avith the long saphenous system, and are found on 
the medial side of the loAver leg posterior to the inner edge of the tibia. 
The anterior group consists of the central and lateral subdivisions of 
the anterior tibial communicating veins. They lie on the anterolateral 
surface of the loAver leg between the tibia and fibula. They also join 
tributaries of the long saphenous vein. The lateral group is made up of 
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the communicating veins arising from the peroneal veins posterior to the 
fibula. They join with the short saphenous system. In addition, the 
popliteal communicating vein is included in this group. It is found 
posteriorly in the mid-lower leg. This vein may either join the short 
saphenous or tributaries of the long saphenous vein. In most patients 



Tip. 1. — The medial group of communicating veins of the lower leg. A dissection 
of tlie medial aspect of the lower leg to show the medial group of communicating 
veins. The dissection has been carried out beneath the deep fascia. In the lower part 
of tlie leg the lamina profunda of the deep fascia has been divided to show the origin 
of the lower communicating veins. No. 1, 2, 3, 4, G, 9, and 10 are posterior tibial 
communicating veins. No. 5 and S belong to the medial subdivision of the anterior 
tibial communicating veins. No. 7 represents a perforating vein which drains blood 
from the muscles through the deep fascia to the superficial veins. The inset shows 
the location of the incision used in the operation for the ligation of these veins. 
(From Ann. Surg. April. 1938.) 
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there are six to eight veins in each group, so that there is a total of 
twenty to twenty-four of them. For a more detailed account of these 
veins reference should be made to a recent article by Linton . 12 

After the patient is admitted for the ligation of the communicating 
veins the skin is very thoroughly cleansed before performing the opera- 
tion. Since fungus infection of the skin is practically always present 




Fig-. 2. — The anterior group of communicating veins of the lower leg. A dissection 
of the anterior aspect of the lower leg 1 to show the anterior group of cornmunicatinsr 
veins beneath the deep fascia. No 1, 2, 4, 7, S, and 9 are the lateral subdivision of 
this group emerging along the anterior peroneal intermuscular septum The tibialis 
anticus muscle is retracted laterally to show the veins of the central subdivision No 
3, 5, and 8, on the lateral aspect of the tibia. The inset shows the location of the 
incision used in the operation for the ligation of these veins. (From Ann. Surg. 
April, 1938.) 
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about the old ulcer area, a fungicide is a great aid in cleaning it up.* 
One which has been found most efficacious consists of a 95 per cent ethyl 
alcohol solution containing 2 per cent resorcinol, benzoic acid, and boric 
acid. This is painted on once or twice a day after washing the leg with 
soap and water. 



Fig. 3. — The lateral group o£ communicating veins. A dissection of the postero- 
lateral aspect of the lower leg to show the lateral communicating veins as they arise 
from the peroneal veins and pass outward along- the posterior peroneal intermuscular 
septum. These are No. 1, 2. 3, 4 , 5, G, and S. Posteriorly, the deep fascia has heen 
elevated to show the popliteal communicating vein. No. 7. The short saphenous vein 
is shown superficial to- the deep fascia. The inset shows the incision used in the 
operation for the ligation of these veins. (From Ann. Surg. April, 1938.) 


•It is felt that fungus infection plays an important role in the etiology of varicose 
ulcers, and further work is In progress in an attempt to substantiate this view. 
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Ligation of the communicating veins is performed under spinal anes- 
thesia. If the medial group is to be ligated the patient is placed in the 
Sims position with the affected extremity down. For the lateral group 
the patient lies face downward with the feet everted, and for the anterior 
group he lies on his back. The anatomic study of the veins revealed that 
they could all be readily exposed through three straight longitudinal 
incisions. The locations of these are shown in the insets of Figs. 1, 2, and 
3. The use of straight incisions is especially emphasized. The incisions 
are carried through the deep fascia down to the muscles. The dissection 
is readily made between them and the deep fascia, as the only structures 
encountered are the communicating veins with small arteries accompany- 
ing them and a loose areolar connective tissue. They are divided and 
ligated beneath the deep fascia. The wound is carefully sutured with 
interrupted stitches in the fascia and the skin. Black silk (size No. 5) 
has been used in the majority of the cases in this series. The leg is placed 
in a posterior plaster shell from the toes to just below the knee. This 
immobilization aids primary healing. The dressing is done for the first 
time on the tenth postoperative day, when half of the skin stitches are 
removed. The remainder are taken out on the twelfth day. If the wound 
has healed per primam, postural leg exercises are commenced about the 
twelfth day to re-establish normal circulatory tone. These exercises are 
a modification of those described by Buerger 13 and Allen, 14 in that the 
period of elevation is longer than the period of dependency. They are 
done by elevating the legs to a thirty or forty degree angle with the 
horizontal for a period of three minutes. Then the lower legs are hung 
over the side of the bed for two minutes. This is followed by a five- 
minute rest with the legs in the horizontal position. The exercises are 
done in half-hour or hourly periods for a total of three or four hours a 
day. When the patient is allowed out of bed, the affected leg is bound 
firmly from the toes to the knee with an elastic adhesive bandage. 

The fifth step in the cure of the ulceration consists in the postopera- 
tive care after the patient is discharged from the hospital. An elastic 
adhesive bandage or a paste boot is worn for a period of two to four 
weeks. Following this the patient should be instructed to wear an elastic 
stocking or a bender bandage for a period of several months to control 
the edema which is likely to develop. In addition, it has been found im- 
portant that the patients bathe their legs and feet frequently with soap 
and warm water. After thoroughly drying the leg the ulcer area is 
painted with the fungicide that was used preoperatively. The purpose 
of this treatment is to eradicate the dermatitis, presumably of fungus 
origin, which so often persists following the operation. In some eases 
superficial ulcerations have developed postoperatively as a result of this 
dermatitis, but all of them have responded very rapidly to the above 
treatment. 
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Thirty cases of postphlebitic varicose ulcer in which the ulcer was 
treated by this method during 1937 at the Massachusetts General Hos- 
pital are reported in this paper. Twenty-three of the patients, or 77 per 
cent, were women, and seven, or 23 per cent, were men. The ages ranged 
from 22 to 66 years. Divided according to decades there were one in the 
third, ten in the fourth, nine in the fifth, seven in the sixth, and three in 
the seventh. These statistics point to the fact that this disease is much 
more common in women than in men and manifests itself chiefly in the 
middle age group, as 26, or 87 per cent, of the cases occurred between 
the ages of 30 and 60 years. 



Fig. 4 . Fig. 5. 

Fig. 4. — A photograph of the medial side of the left lower leg of a colored woman 
aged f>8 years showing a postoperative phlebitic ulcer of twenty years’ duration. This 
had been open intermittently and treated with salves and elastic bandages. 

Fig. 5. — A photograph of the same leg taken May 7, 1938, ten months after the 
ligation of the communicating veins. There was very marked fibrosis of the sub- 
cutaneous tissues in the lower one-lialf of the leg. The line of the incision is seen 
in the upper portion of the leg and behind the malleolus. It has disappeared in the 
region of the old ulcer area. The patient wears a bandage part of the time. There 
is slight edema of the entire leg. The fungicide mentioned in the paper has been used 
two to three times a week. The ulcer has remained healed during this time and the 
result is to be classed as excellent 


A definite history of a preceding attack of deep thrombophlebitis was 
obtained from twenty-three patients. In two cases the history was ques- 
tionable and in five it was not obtainable. In fourteen cases the phlebitis 
occurred post partum, in six it developed during the course of an infec- 
tious disease, in two it was postoperative in nature, and in one it fol- 
lowed trauma to the leg. The phlebitis occurred from five to forty years 
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prior to the admission to the hospital. A blood Hinton test for syphilis 
was reported on twenty-six of the eases, in only one of which was it 
positive. 

There were forty-one ulcers present in this group of thirty patients. 
Thirty-two, or 78 per cent, were located on the medial side of the leg, 
six, or 15 per cent, were on the posterolateral surface, and three, or 7 per 
cent, were on the anterolateral aspect. In nineteen cases the ulcers had 
been present for one to ten years. Eight had been present for ten to 
twenty-five years. The longest duration was forty years, and there were 
only two that had been present for less than one year. In twenty-three 



Fig. 6.— A close-up photograph of the ulcer area in the same patient taken ten 
months after the ligation of the communicating veins. The whitish tissue represents 
the area of marked subcutaneous fibrosis. The incision is visible in the upper and 
lower portions of the photograph but not in the central part. The two irregular dark 
areas in the center of the photograph are the skin grafts placed over the ulcers twelve 
months before this photograph was taken. This was very soft and pliable excellent 
evidence that the fibrosis in the subcutaneous tissues is not the cause' of these 
ulcerations. 


cases the lesion was unilateral and in the remaining seven it was bilateral, 
making a total of thirty-seven extremities operated upon. 

Forty-five operations were done on the communicating veins of the 
lower leg. Some patients had several ulcers on one leg, necessitating 
operating on two or more groups of communicating veins. One patient 
had all three groups of veins on each leg ligated because of ulcers over 
the internal and external malleoli of both legs. The operations and 
operative mortality following ligation of the communicating veins for 
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forty-one postplilebitic varicose ulcers were as follows: Thirty-five, or 
78 per cent, were performed on the medial group of veins; seven, or 15 
per cent, on the lateral group ; and three, or 7 per cent, on the anterior 
group. It is interesting to note that in thirty-five extremities, or 95 per 
cent of the thirty-seven affected legs, the medial group were ligated, in- 
dicating that these veins are the ones which most commonly become 
incompetent. There was one death in this group of patients, a mortality 
rate of 2 per cent. It was directly attributable to sepsis in the opera- 
tive wound. This resulted from inadequate preoperative preparation of 
the skin of the lower leg, as the communicating veins were operated upon 
twelve days after the ulcer was skin-grafted. The rule now is not to 
ligate these veins until six weeks after the ulcer has healed. Another 
lesson learned from this case was that the saphenous veins should be 
ligated before the communicating veins, because the death was due to 
septic emboli arising from the saphenous vein which had not been 
ligated. Since then this vein is tied off before the patient is discharged 
from the hospital the first time. The operative mortality based on the 
number of operations on the communicating veins was slightly over 2 per 
cent. 

Table I 
Exd Results 

POSTFHLEBITIC VARICOSE ULCERS (1937) 

Thirty-five Extremities (Twenty-eight Patients)* 


NO. EXTREMITIES 

PER- 

CENTAGE 

duration follow-up 

RECURRENCES 

PER- 

CENTAGE 

17 

49 

1-1% yr. 

1 

6 

7 

20 

9-12 mo. 

0 


10 

2S 

0- 9 mo. 

0 


1 

3 

5 mo. 

0 





1 

1 3 


‘One patient in the group of thirty died from postoperative infection and one 
other patient could not be traced. 


Follow-up studies were made on twenty-eight of the twenty-nine pa- 
tients who survived the operation (Table I). One patient could not be 
traced. In this group there were thirty-five extremities that were oper- 
ated upon. In seventeen, or 49 per cent, the operation had been done 
one year, or more, before tire follow-up examination; in seven, or 20 per 
cent, nine months, or more, before; in ten, or 2S per cent, six months, ox- 
more, before; and in one, or 3 per cent, five months before. Twenty-four 
patients were examined personally and the remaining four l-eplied by 
letter to inquiries concerning their legs. 

The results in all the cases except one wei-e vei-y satisfactory, as in 
only one case was there a recurrence of the ulceration. This was in a 
woman, operated on thirteen months previously, who suddenly developed, 
two weeks prior to the follow-up studies, an open lesion at the site of the 
old ulceration associated with an itchy vesicular rash. The oi-iginal ulcer 
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had remained healed until that time. This result should not be classified 
as a failure, as the recurrent ulcer rapidly responded to ambulatory 
treatment with boric acid solution compresses and the fungicide men- 
tioned above. In the remainder of the cases the results as far as the 
ulcerations were concerned could be classed as excellent. Thirty-nine 
ulcers, or 97.5 per cent of the forty that were present when the patients 
were first seen, were healed at the time of this follow-up study. 


Table II 

Analysis of End Results 


A. THIRTY-FIVE EXTREMITIES 

B. FORTY ULCERS 

Elastic support all day 
Elastic support part of day 
No support 

6 

7 

19 

(17%) 

(20%) 

(54%) 

Ulcers healed 39 

Ulcers not healed 1 

(97.5%) 

( 2.5%) 


In the majority of the. patients the affected extremity, when only one 
was involved, still remained larger than the normal leg. This was due to 
varying amounts of a brawny type of edema, presumably the result of 
damage to the lymphatics at the time of the original deep thrombo- 
phlebitis. Bandages or elastic stockings were worn all day on six ex- 
tremities, or 17 per cent, because of edema ; on seven, or 20 per cent, they 
were only worn for varying periods during the day, for instance, for 
protection during working hours; on nineteen, or 54 per cent, no sup- 
porting bandages or stockings were worn. Information concerning the 
remaining extremities was not obtained. 

DISCUSSION 

The results obtained in the treatment of postplilebitic varicose ulcers 
by the method described indicate the importance of severing the com- 
munications between the deep and superficial veins when the valves in 
these communicating vessels are incompetent. It is worthy of note in 
these cases that it was necessary to inject very few of the superficial 
veins with a sclerosing solution following division of these vessels; in 
some cases no injections were needed. This indicates that the cure of the 
postphlebitic varicose ulcer depends in a great measure on preventing 
the hydrostatic pressure of the deep system of veins from being directly 
transmitted to the superficial veins. 

The importance of the communicating (perforating) veins in the 
etiology of varicose ulcers has been recognized for many years. Homans, 1 
in 1917, and I rout, 8 in 1929, stressed the role these vessels play in the 
etiology of the ulcer formation and recommended that they be ligated, 
but did not discuss the operative technique. In addition, an operation 
known as the flap operation for the ligation of the communicating 
(perforating) veins was done at the Massachusetts General Hospital for 
a number of years. The operation consisted in the raising of a flap of 
skin and fascia by means of a curved incision over the region where the 
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incompetent veins were present, or around a healed ulceration. The com- 
municating veins were ligated beneath the deep fascia in the same way 
as is described in this paper. However, the operation fell into disrepute 
because (1) the curved incision not infrequently resulted in necrosis of 
the skin edge of the flap, which often required weeks or months to heal, 
and (2) the incision was usually a relatively short one so that the opera- 
tion was frequently incomplete and recurrences resulted. Ligation of the 
communicating veins is therefore not an original or new operation. How- 
ever, the entire operative procedure that is described in this paper for 
the treatment of postplilebitie varicose ulcers is original and is based on 
anatomic dissections. 

The medial group of communicating veins was found most often to be 
incompetent. Of these the ones in the lower half of the leg were usually 
the most dilated. This apparently is because of the fact that the veins in 
this region pass out through tendinous structures which give little if any 
support to the veins, so that they may readily be stretched by increased 
venous pressure and so become incompetent. In the upper half of the 
leg they pass out between large muscle bellies which give them more ade- 
quate support. The anterior and lateral groups of communicating veins 
likewise have greater muscular support than the veins in the lower half 
of the inner side of the leg. These facts probably explain the greater 
frequency of medial ulceration — in this series 78 per cent. 

In the postplilebitie leg with ulceration it is very difficult to palpate 
the communicating veins because of edema and fibrosis. However, the 
location of the ulcer indicates which group or groups of veins are in- 
competent. If the ulcer is situated on the medial or inner side of the 
leg it is the medial group of communicating veins that is incompetent; 
if it is on the anterolateral surface it is the anterior group, and if it is 
located on the posterior or posterolateral surface it is the lateral group. 
In some patients multiple ulcerations may be present so that two or more 
groups may be involved. An ulcer located over the anterior aspect of the 
tibia so that it extends on the anterolateral as well as the inner aspect of 
the leg usually indicates that the medial and anterior groups are incom- 
petent. The long saphenous vein should be ligated at the saphenofemoral 
junction if the medial or anterior groups of communicating veins are to 
be ligated, and the short saphenous vein in the popliteal space if the 
lateral group is to be ligated. 

The use of an efficient fungicide both in the preparation of the skin for 
operation and for use postoperatively is a very important adjunct to the 
surgical treatment that has been described. 

CONCLUSIONS 

L A scries of forty-one postplilebitie varicose ulcers in a group of 
thirty patients is reported. 



LINTON AND KEELEY : POSTPHLEBITIC VARICOSE ULCER 


39 


2. A new method of treatment by ligation of the saphenons veins and 
the communicating veins of the lower leg is given. 

3. Follow-up studies on these patients, made at intervals varying from 
five months to one and one-half years after treatment, are reported. 

4. Thirty-nine, or 97.5 per cent, of the ulcerations were healed at the 
time of the follow-up study. 
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INTRACRANIAL VASCULAR LESIONS* 

Winchell McK. Craig, M.D. 

Rochester, Minn. 

I NTRACRANIAL vascular lesions comprise a very small but important 
group of lesions simulating tumor of the brain. They may be associ- 
ated with vascular lesions elsewhere in the body ; for example, thrombo- 
angiitis obliterans of the brain has been described as a clinical entity as- 
sociated with generalized thromboangiitis obliterans. However, the intra- 
cranial vascular lesions which are not associated with vascular lesions 
elsewhere in the body create most of the difficulty in differential diag- 
nosis. 

At one time, it was thought that intracranial vascular lesions occur 
only among elderly people ; however, congenital or developmental anoma- 
lies may occur among children and young adults. The blood vessels of 
the brain are subject to various types of malformation and anomalies 
from which symptoms may develop insidiously or suddenly. Rupture of 
a congenital aneurysm involving an artery leading into or arising from 
the circle of Willis may cause diffuse subarachnoid hemorrhage with sud- 
den headache and collapse. The presence of such an aneurysm rarely is 
recognized until it has ruptured, although, once suspected, the diagnosis 
may be made before rupture occurs by means of roentgenograms of the 
head taken immediately after the injection of thorium dioxide (tlioro- 
trast) into the internal carotid artery. Arteriovenous aneurysms of the 
brain have been considered congenital in origin, although in other por- 
tions of the body such lesions are usually of traumatic origin. An arteri- 
ovenous aneurysm of the brain, according to Dandy , 1 consists of dilated 
arteries with an angiomatous formation interposed between the arterial 
supply and a tremendously dilated venous system into which arterial 
blood enters. Whereas it is true that some authorities state that arterio- 
venous aneurysms of the brain are always congenital, in a review of our 
cases it was found that in a certain number there was a definite history 
of injury preceding the development of symptoms. We may assume that 
in these cases there is an underlying congenital tendency, but the trau- 
matic etiological factor must not be underestimated. To further this con- 
ception, Cushing and Bailey 2 quoted Schiick , 3 who believed that whereas 
the vascular lesions may arise from a developmental fault, they are capa- 
ble at a given time, owing to trauma or some other stimulus, of becoming 
active and producing symptoms. 

•Read before the meeting of the American Heart Association, San Francisco, Calif., 
June 11, 193S. 

Received for publication July 20, 1938. 
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Intracranial vascular lesions have been divided into several classifica- 
tions. Cushing and Bailey 2 seem to have divided them into the most 
simple and practical groups in their book “Blood Vessel Tumors of the 
Brain.” These groups are telangiectasis, angioma venosum, arterial 
angioma or aneurysmal angioma. This classification includes only the 
vascular lesions over the surface of the brain. In addition to these, 
aneurysms of the carotids and anterior, middle, and posterior cerebral 
arteries produce symptoms of supratentorial tumor, and aneurysms of 
the vertebral, basilar, and cerebellar ai’teries simulate tumors of the cere- 
bellopontine angle and cerebellum. 

ANEURYSMAL ANGIOMAS 

The presence of aneurysmal angioma may be suspected if a patient re- 
lates a long history of repeated convulsive seizures followed by temporary 
weakness or paralysis of one or more extremities. However, such a his- 
tory also may be associated with tumors of the brain. Sometimes, roent- 
genologic examination of the head is of value and may give evidence of 
characteristic calcification in the walls of the abnormal blood vessels. 
Auscultation of the skull should be routine in the examination of all 
patients with intracranial lesions because the bruit, of which the patient 
may be unaware, often is detected with the stethoscope. Although a bruit 
may indicate the presence of a vascular lesion, we have encountered a 
number of cases in which bruits have been associated with increased 
intracranial pressure produced by a tumor of the brain. 

The surgical treatment of aneurysmal angioma sometimes is followed 
by discouraging results. However, ligation of the artery with or without 
cauterization of the vein may relieve jacksonian convulsions, but there is 
always danger of producing permanent paralysis. Probably the most 
successful results are in eases in which the wormlike collection of vessels 
produces irritation of the cortex, and ligation and cauterization do not 
destroy the blood supply to the deep structures of the brain. Such a case 
was the following : 

Case 1. — A woman, aged 25 years, came to the clinic complaining of generalized 
convulsions, pain in the head, and visual difficulty. She had experienced occasional 
headaches for the previous four years, and sometimes she would become stuporous 
during the headaches and could be aroused only with difficulty. A generalized con- 
vulsion occurred the day before the delivery of her only child, one year before her 
examination at the clinic. The convulsion lasted a few minutes during which she 
bit her tongue. Following a normal delivery her general health was good until nine 
months later. "While planting flowers in the garden she suddenly lost consciousness 
again and bit her tongue. She recovered and walked to the house following which 
she had a severe convulsion and was unconscious for four hours. One month previ- 
ous to her registration at the clinic she had a sudden onset of sharp pain which was 
projected from the occiput around the base of the skull, was associated with vomit- 
ing for several hours, and was followed by unconsciousness lasting four or five days, 
for which she was hospitalized elsewhere. A week before her examination at the 
Clinic she had an attack of numbness involving the entire left arm and hand which 
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lasted for several hours. She had experienced failure of vision for one month before 
examination at the clinic. 

Neurological examination and roentgenologic examination of the head gave nega- 
tive results. Examination of the eyes revealed a left homonymous upper quadrant 
hemianopsia. No bruit could be heard on auscultation of the head. A 7 entriculograms 
revealed a lesion in the right rolandic region. Craniotomy disclosed a normal ap- 
pearing dura under increased tension, and when the dura was reflected a wormlike 
aneurysmal vascular lesion involving the sylvian and rolandic vessels was found 
(Fig. 1). The entire hemisphere pulsated. During the dissection of the dura from 
the arachnoid two large arteries were torn, necessitating ligation. Following re- 
covery the patient was given one course of radiotherapy. Residual weakness of the 
left extremities did not occur. Four months following operation she had experi- 



Fig. 1. — Aneurysmal vascular lesion producing convulsions, unconsciousness, and 

paresthesias. 

eneod neither headache nor attacks of jacksonian or generalized convulsions, al- 
though she was taking phenobarbital. Two years later, after a strenuous round of 
bridge and social activities, she had slight numbness of the left arm but otherwise 
had been perfectly well in the interval. 

Cash 2. — A woman, aged 20 years, came to the clinic complaining of paresis of 
the left arm and generalized convulsions. At the age of 10 years she began having 
attacks of numbness and weakness of the left hand when she was under emotional 
excitement. At IS years of age, one or two weeks before a menstrual period, she 
noticed a similar attack of numbness which lasted only a few moments. At the 
same time she began to have fainting spells. At the age of 22 years she was 
shocked by the death of her fiance and, following this, she had spells of numbness 
of the left hand which became progressively more frequent and of longer duration. 



CRAIG: INTRACRANIAL VASCULAR LESIONS 


43 


After a sudden marriage and divorce site entered a nurses’ training school and in 
the operating room became unconscious and had a generalized convulsion in which 
the left arm waved about and became spastic. She recovered in two or three min- 
utes. After three such attacks she was sent home with a diagnosis of epilepsy. 
Following another convulsion she was sent to a hospital and after a week ’s observa- 
tion she awoke at 3 o ’clock one morning an'd noticed that her left arm was paralyzed. 
The paralysis disappeared in three hours. Later, the same morning, the arm became 
paralyzed again, and in addition she experienced numbness and weakness of the 
left leg. This disability persisted for four months, during which time there was 
slight recovery of motion of the hand and arm. During this time she had general- 
ized and jacksonian convulsions every week or ten days. 



Fig. 2. — Aneurysmal angioma exposed at operation. 

On general examination, considerable weakness, loss of tone and slowness of 
movement, and mild atrophy of the entire left upper extremity with an absence of 
i eflexes were noted. Examination of the eyes and roentgenologic examination of 
the head gave negative results. 

At operation, an aneurysmal angioma involving the right parietal region was 
found. Arterial blood could be seen coming from the middle cerebral artery, com- 
municating through large vascular ramifications with communicating veins of the 
longitudinal sinus (Fig. 2). This mass measured about 7 cm. in diameter and I to 
4 cm. in thickness. The entire parietal region of the brain had a bluish appear- 
ance and a definite arteriovenous lesion could be demonstrated by compressing the 
arterial branches of the middle cerebral artery. The larger arteries were ligated 
and the entire mass was coagulated, and as the coagulation of the vessels progressed 
there was definite shrinkage of the mass (Fig. 3). 
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Following operation, tlie sensation of the hand improved and she could move it 
more freely than before operation. She did not have difficulty in walking. A year 
later, although she was complaining of slight weakness in her left hand and arm, 
there had been neither grand mal seizures nor loss of consciousness, but there were 
occasional small convulsive seizures of the left hand. With the use of sedatives, 
plienobarbital, and bromides, she did not' have further attacks. 

Sometimes, merely decompression will help patients who have an 
aneurysmal varix, and it is very difficult at the time of operation to know 
when to employ conservative measures and when to he radical in treat- 
ment. A decompression followed by sedation may lead to gratifying re- 
sults. 



Fig. 3. — Aneurysmal angioma following ligation and coagulation. 


Case 3. — A man, aged 42 years, had been well until sixteen years before his ex- 
amination at the clinic. 'While reaching for the telephone his right upper extremity 
became paralyzed, and this was associated with numbness and tingling. The paraly- 
sis gradually disappeared during the next three months, and except for an occa- 
sional transient attack of numbness of the right upper extremity, he was practically 
well for fourteen years. In the two years previous to registration at the clinic he 
had experienced an attack every week associated with minor cramplike contractions 
of the entire upper extremity. He had lost consciousness with about one-fourth of 
the attacks, which were initiated by cramping and drawing of the right hand and arm. 

On examination it was found that 50 per cent of the strength in the entire 
upper extremity had been lost and that the reflexes were hyperactive. Craniotomy 
revealed a varicosity of the vessels, particularly the arteries, over the cortical region 
of the left hemisphere, involving particularly the arm center (Fig. 4). The vessels 
were greatly enlarged and were increased in number. Ligation and coagulation 
were not done, but a decompression was performed at the base of the flap. The 
patient returned home and was instructed to take a sedative, luminal. Two years 
later he was still having slight Jacksonian convulsions involving the upper extremity 
about every month, but had not experienced generalized convulsions or attacks of 
numbness since the operation. 
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Sometimes there is definite evidence of trauma preceding the develop- 
ment of symptoms of intracranial lesions, and if an aneurysmal angioma 
is found at the time of operation, trauma must he considered one of the 
etiological factors. In some of these eases it is also possible to perform a 
palliative operation, ligating some vessels and coagulating others to re- 
duce the severity of the attacks and make the patient more comfortable. 
However, if the lesion involves the motor or speech area it is sometimes 
better to withhold further surgical treatment. 

Case 4. — A man, aged 49 years, came to the clinic complaining of jacksonian 
convulsions involving the entire right side of the body. In the spring of 191S he had 
struck his head against a dugout timber, the point of contact being the left parietal 
region. He was unconscious for a few moments, and vomited; he had headaches 
for twenty-four hours. Following this he returned to duty. Three years later the 



Pig-. 4. — Cortical aneurysmal varix. 


right arm and leg became very tired on exertion. Seven years after the accident 
he noticed weakness of the right arm and leg which disappeared in a few days. 
The first convulsion occurred nine years after the accident. When examined six 
weeks after the first convulsion he complained of repeated twitching of the right 
side of the face followed by loss of consciousness. He was very confused on re- 
covery. He was given plienobarbital for one year, during which time he had three 
attacks, two very slight and one severe, in which jacksonian convulsions of the right 
side of the face and body occurred and were followed by loss of consciousness. 
Subsequently, he had sixteen attacks; thirteen were jacksonian in type, involving 
the right side, and in three loss of consciousness occurred. 

On examination, slight residual weakness of the right arm and leg were found. 
Roentgenologic examination of the head and examination of the eyes gave nega- 
tive results. There was a diminution of reflexes of the right extremities and slight 
tenderness over the left parietal region of the head. The involvement predomi- 
nantly of the right side indicated that the lesion was in the left hemisphere. The 
left parietal lobe was exposed at operation. The brain was under moderate tension 
and the precentral convolution in its midportion was covered by a mass of arteries 
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which were poorly defined but had the appearance of an angle worm 3 cm. in diam- 
eter. From the central portion of this mass the dilated vessels radiated and ap- 
peared to communicate directly with the branches from the middle cerebral artery. 
These vessels varied in size from 0.5 mm. to 3 or 4 mm. The normal arteries, which 
usually have the appearance of capillaries, were dilated and seemed to form this 
angiomatous mass. There was definite pulsation synchronous with the pulse. The 
situation of the mass in the left cerebral hemisphere and the slight degree of motor 



Fig. 5. — Aneurysmal angioma. 


weakness on the right side contraindicated any radical surgical treatment (Fig. 5). 
Two days after operation the patient had a generalized convulsion. He was given 
plicnobarbital for sedation, and four weeks after operation a very slight seizure 
involved the tongue. An intensive course of deep roentgenotherapy was given. He 
was examined four years after operation, with negative results. During the time 
that he had been taking three grains of luminal a day, he had been having about 
one attack in two months, consisting of twitching of the tongue with slight draw- 
ing of the right side of the face. Loss of consciousness had not occurred with 
any attack. 
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INTRACRANIAL ANEURYSMS 

Intracranial aneurysms may be classed as arteriovenous or saccular in 
type. Saccular aneurysms may occur in any of the cerebral vessels and 
are most frequent in the region of the circle of Willis (Fig. 6). Saccular 
aneurysms of the intracranial portion of the internal carotid artery may 
be associated with different clinical pictures, depending on their size and 
situation. Supraclinoid aneurysms may simulate basofrontal tumors, 
with changes in the visual fields owing to pressure on the optic nerves or 
chiasm, anosmia, and mental aberration. By extension posteriorly they 



Fig. 6. — Sources of intracranial vascular supply with the relation of the vessels of the 

circle of Willis. 

may press on the third nerve and cause ophthalmoplegia. Saccular 
aneurysms of the internal carotid artery within the sella are associated 
with a characteristic clinical picture, of which palsy of the third nerve, 
or ophthalmoplegia, is a most important localizing sign. Paralysis of the 
ocular muscles supplied by the fourth and sixth nerves also may occur, 
and pain in the region of the forehead and eye on the same side may be 
present because of the pressure on the ophthalmic division of the fifth, or 
trigeminal nerve. Pain in the cheek or jaw on the same side occurs oc- 
casionally because of pressure on the other divisions of the fifth nerve. 
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Intracranial aneurysms, besides producing pressure on contiguous 
brain and nerves, also may rupture, causing leakage of blood into the 
subarachnoid space, producing the ■well-known syndrome of spontaneous 
subarachnoid hemorrhage characterized by headache, vomiting, drowsi- 
ness and coma, associated with a bloody spinal fluid. Death frequently 
ensues. The diagnosis of intracranial aneurysm of the carotid artery is 
not difficult to make if the condition is kept in mind. Parker 4 pointed 
out that it is only in cases of aneurysm associated with intermittent leak- 
age and focal compression that correct localization of the aneurysm is 
possible. A bruit, frequently associated with arteriovenous aneurysms, 
is rarely heard in cases of saccular aneurysm. The results of roent- 
genologic examination of the skull are often negative, but calcification of 
the wall of the aneurysm, unilateral erosion of the sella turcica, enlarge- 
ment of the sella, unilateral enlargement of the optic foramen and the 
superior orbital fissure, erosion of the margin of the carotid canal, and 
displacement of the pineal body have been observed. Intracranial arteri- 
ography following injection of thorotrast into the carotid artery has 
proved of value in the diagnosis in some cases of intracranial carotid 
aneurysm. A negative result from arteriographic examination, as has 
been pointed out by Sjoqvist, 5 does not exclude the presence of an aneu- 
rysm, because thrombosis may occur in the aneurysm and fill the lumen. 

In contrast with aneurysmal angioma, as regards etiology, it seems to 
be the consensus that most intracranial aneurysms are congenital, the 
aneurysmal patli occurring on one or the other carotids or vessels com- 
prising the circle of Willis. Tuffnell, 6 in 1853, drew attention to the 
probability that embolism was the starting point of cerebral aneurysm. 
Lebert, 7 in 1866, expressed the opinion that syphilis and the use of alco- 
hol were not definite causes of this lesion, as had been supposed previ- 
ously. Eppinger, 8 in 1887, first proposed that intracranial aneurysms 
arose as a result of a congenital defect in the muscular wall of the artery. 
Weber and Bode 0 suggested that the tendency of congenital defects to 
occur together was also a factor in the frequency of aneurysms in as- 
sociation with coarctation of the aorta. 

The predilection of intracranial aneurysms for vessels in the base of 
the brain shortly after they enter the cranial cavity or at the point of 
bifurcation is constant. Most authors state that the middle cerebral 
artery is most frequently involved and that the basilar artery is next in 
order of frequency. In reviewing a total of 596 cases of aneurysm ob- 
served at the Mayo Clinic in the years 1925 to 1935 inclusive, Mills and 
Horton 10 found that 143 of the aneurysms were intracranial, 339 were 
intrathoracic, eighty -were intra-abdominal, twenty-one involved the ex- 
tremities, and thirteen were of a miscellaneous character. Syphilis was 
present in .3.5 per cent of the cases of intracranial aneurysm (which is 
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the normal incidence), in 70 per cent of the cases of thoracic aneurysm, 
in 8.8 per cent of the cases of intra-abdominal aneurysm, and in 9.5 per 
cent of the eases of aneurysm of the extremities. 

Our usual impression of intracranial aneurysm is that the patient is 
perfectly well until the occurrence of headaches, sudden in onset and 
prostrating in character. These headaches probably are associated with 
a sinking spell from which he recovers, only to have a second and third 
attack. Illustrative of such a condition is the following case : 

Case 5.- — -A man, aged 52 years, came to the clinic complaining of headache, 
bitemporal in situation and severe in character. He had suffered from “stomach 
trouble” with epigastric pain, nausea, vomiting, and headaches for the previous 
three years. During these attacks he had sinking spells with exhaustion, followed 
by unconsciousness which continued for a period of several hours. In one of these 
attacks he was hurried to the hospital, where he complained of diplopia and head- 
ache; he vomited before he lapsed into unconsciousness. 

Spinal puncture revealed the presence of bloody fluid; following spinal drain- 
age he seemed to be slightly better. However, he had another attack the following 
day, and on the fourth day had a severe attack from which he did not recover. 
At necropsy an aneurysm of the right middle cerebral artery was found, together 
with evidence of multiple rupture and basal hemorrhages which accounted for his 
condition. 

In selected cases, intracranial aneurysm is treated by ligation of the 
liomolateral carotid artery in the neck. Ordinarily, ligation is considered 
only when the individual is less than 40 years of age. The patient must 
be able to withstand digital compression of the homolateral carotid 
artery for thirty minutes without the development of alarming symptoms 
and signs, thus demonstrating the presence of an adequate collateral cir- 
culation through the circle of Willis. Digital pressure can be applied 
by the patient, in the beginning, for five minutes three times a day, and 
gradually increased to two hours, three times a day. It must be em- 
phasized that correct diagnosis, localization, and proper surgical treat- 
ment are fully as important in eases of intracranial aneurysm as in those 
of brain tumor. 

Walsh and Love 11 recently have reported a case in which ligation of 
the carotid artery was performed. The patient was an automobile me- 
chanic, aged 39 years, who, fifteen years previously, had noted attacks of 
mild headache and dizziness while at work. These attacks were inter- 
mittent, and four years after the initial attack, while at work, the patient 
suddenly became unconscious and remained so for several minutes. Ten 
years later while pumping up a tire he experienced a sudden, severe pain 
in the cervical region ; this pain extended to the top of his head. His neck 
became rigid and moving his head caused severe pain. About forty-five 
minutes later he had a chill, his temperature was elevated, and he 
vomited. The headache persisted for about two weeks. This was fol- 
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lowed by blurring of vision and inconstant diplopia ; the headaches be- 
came more severe. Constant ptosis of the right eyelid occurred. 

The pupil of the right eye was dilated and fixed. The right eyeball had 
rotated downward and outward ; it could not be elevated. Internal rota- 
tions were greatly limited, indicating the presence of a complete palsy of 
the third nerve. Otherwise, the examination gave negative results and 
no bruit was audible over the head. A diagnosis of intracranial, infra- 
elinoid aneurysm of the right internal carotid artery was made. 

It was found that digital pressure on the right carotid artery in the 
neck could be made for thirty minutes without producing abnormal 
sjunptoms and signs. Ligation of the right internal carotid artery in the 
neck was carried out, as well as ligation of the right internal and external 
jugular veins. After ligation of the carotid artery the patient stated that 
the headache, which had been one of his chief complaints, had ceased. 
The internal jugular vein was also ligated. Following operation, the pa- 
tient was entirely relieved of his headaches and the function of the third 
nerve on the right side returned. 

Because we are inclined to think of vascular intracranial lesions which 
simulate brain tumors as occurring in elderly people, the following case 
is reported. There are several factors about this case that are of interest. 
In the first place, the patient was a girl aged 20 years; in the second 
place, symptoms occurred following a serious automobile accident, and in 
the third place, the history simulated very closely that of onset of symp- 
toms associated with tumor of the brain. To illustrate further how it 
simulated tumor of the brain, evidence of calcification was found on 
roentgenologic examination of the head; the shadow of calcification was 
irregular in outline, was not typical of a vascular lesion, and could have 
represented either tumor or an old hemorrhage. However, a loud, con- 
stant bruit could be heard over the entire right side of the head. 

Case G. — A girl, aged 20 years, was brought to the clinic with the complaint of 
headache, mental sluggishness, and general malaise. Two years previously she had 
been in a serious automobile accident and had sustained a contusion on the right side 
of the head, but she did not lose consciousness. She returned to school the next 
day and remained well until six months later when, suddenly, she had a generalized 
convulsion, following which she had severe headache in the right temporal region. 
About ten days later she had another convulsion without aura. The headaches con- 
tinued intermittently without convulsions until one year later, when she had another 
convulsion, following which she remained in bed for about a week, during which 
time she experienced a moderate degree of numbness and weakness of the entire 
left side of the body, including the face. Following this 'episode, the family noted 
a mental change. The patient appeared less alert than usual, was apprehensive, and 
sometimes slightly confused. She also observed a slight momentary taste aura, the 
character of which was not. clear. Three months later, with the onset of one of the 
severe headaches, she vomited, was dizzy, and for the first time noted diplopia, 
which persisted. Following this, the headache was more persistent. Site observed 
some hallucinations in the left field of vision, but was unable to describe them. 
About this time she became aware of a rushing sound in her head. 
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The patient was rather dull and cooperated poorly. The sense of smell was 
severely impaired on the right side. There was weakness of the sixth nerve on both 
sides. The movements of the body on the left side were somewhat slow and clumsy; 
the deep reflexes were hyperactive. The plantar responses were normal. On ex- 
amination of the fundi, bilateral swelling of five diopters was found; the fields were 
normal. Roentgenologic examination of the head disclosed evidence of irregular 
areas of calcification in the right frontotemporal region. A loud, constant bruit, 
which could not be obliterated by pressure on either carotid artery, was heard over 
the entire right side of the head. 

Through a right frontal exploration, large tortuous vessels were encountered ex- 
tending down into the sylvian fissure. Following the operation there was increased 
weakness of the left arm and leg and left side of the face. This improved, and on 
the sixth day, while the patient was sitting up, a series of convulsions suddenly 
developed, following which she died. 

The brain was found attached to the dura in the right middle cranial fossa, and 
the attachment proved to be the extremely dilated petrosquamous sinus (which 
normally is a very small sinus draining into the lateral sinus). It was greatly dis- 
tended and emptied into the lateral sinus through an opening which was much nar- 
rower than the other portions of the cavity. The anterior end of the sinus emerged 
from a large, firm, rounded, nodular aneurysm which could be seen on separating 
the temporal and frontal lobes. The right middle cerebral artery extended laterally 
and curved around the posterior aspect of the aneurysm in the sylvian fissure. 
About 4 cm. from its origin it was in close contact with the mass, and when the 
artery was opened its lumen was found to communicate freely with the cavity of 
the aneurysm. The sylvian vein was also very much dilated and emerged from the 
upper surface of the same pouch of the aneurysm which was drained by the petro- 
squamous sinus. 

It is difficult to make a preoperative diagnosis of an intrasellar aneu- 
rysm that produces the signs and symptoms of a basofrontal, intrasellar, 
or extrasellar tumor ; only at operation can the diagnosis be made. Even 
then, the gross appearance is deceiving and it is necessary to insert a 
small needle into the mass. 

Case 7. — A man, aged 39 years, came to the clinic complaining of failure of 
vision. Two years previously double vision developed, and suddenly he lost the 
vision in the right eye. Vision returned in one month and seemed normal for six 
months. At that time he noted bilateral visual impairment which gradually in- 
creased during eighteen months until, five days before his examination at the clinic, 
his vision failed completely. 

Neurological examination gave essentially negative results except for complete 
loss of vision in the right eye; perception of light was present in the temporal por- 
tion of the left field. The ocular reflexes were abolished and there was a bilateral 
choked disk with secondary optic atrophy; the choked disk measured three diopters 
in the right and four diopters in the left eye. Several small hemorrhages were seen 
in each retina. The defect in the field of vision suggested a previous right 
homonymous hemianopsia. Roentgenologic examination of the head revealed severe 
destruction of the sella turcica and posterior clinoids and, from study of the roent- 
genograms, a diagnosis of intrasellar tumor with suprasellar extension was made. 
A right transfrontal craniotomy was done. The brain pulsated normally and was 
under normal tension, which was out of proportion to the degree of papilledema 
present. The right frontal lobe was elevated easily and evidence of tumor in the 
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right basofrontal region could not be found. The optic cliiasm was exposed easily 
and was presenting anteriorly, but remaining witliin the sella was a bluish pulsat- 
ing mass which could be compressed when touched with forceps. This mass also 
could be seen lying lateral to the optic chiasm and extending posteriorly (Fig. 7). 

A diagnosis of intrasellar aneurysm was made which explained the visual symp- 
toms as well as the evidence of erosion observed in the roentgenogram of the head. 
The optic nerves were smaller than normal and examination revealed evidence of 
pressure atrophy. The patient did not receive benefit from the operation. 

Intracranial aneurysms may simulate any other type of lesion clini- 
cally, and frequently it is difficult to distinguish them by roentgenologic 
studies. Intracerebral calcification may he associated with gliomas, 
hemorrhage, and dermoid cysts, as well as with an aneurysm. Sometimes 
it is necessary to explore the lesion to determine its pathologic nature. 



Fig. 7. — Intrasellar aneurysm simulating pituitary tumor. 


Case S. — A man, aged 39 years, came to the clinic complaining of headaches and 
generalized convulsions which had occurred every four weeks for a period of thir- 
teen or fourteen years, a constant pain behind the right orbit, blurring of vision, 
and weakness of the left side of the body. The headaches occurred almost every 
day, usually in the morning, beginning in the occipital region and extending over 
the entire head. The generalized convulsions usually began in the morning between 
3 and G o 'clock. 

Neurological examination, including examination of the eyes, was entirely nega- 
tive except for some slight weakness of both the left arm and left leg. Roent- 
genologic examination of the head revealed a large, calcified, cystic tumor above 
and behind the sella on the right side (Fig. S). Because of the long history of 
slight weakness on the left side and the calcified lesion in the right middle fossa, it 
was thought wise to perform an exploratory operation. From the nature of the 
calcified shadow it was thought that either a calcified hematoma or a dermoid cyst 
would be found in the right temporal lobe. At operation, an incision was made in 
the superior temporal convolution, and at a depth of 2 cm. a large, calcified cyst 
wall was encountered. This was opened and was found to be filled with degenerat- 
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ing blood clot; this was removed completely. The thin, calcified wall could be re- 
sected easily from the surrounding brain by blunt dissection. The posterior half of 
the wall of the cyst was removed completely, but when the anterior wall was manipu- 
lated there was a sudden hemorrhage. This was controlled with packs, and the wound 
was closed. The patient died suddenly three days later. A large sacculated aneurysm 
of the right middle cerebral artery was found. Almost all of its calcified wall had 
been removed and the hemorrhage had occurred from a small opening between the 
artery and the calcified sac. 

Intracranial aneurysms of the posterior fossa can simulate cerebellar 
tumors and lesions of the cerebellopontine angles, affecting the cranial 
nerves and compressing the contiguous pons and brain. Difficult to diag- 
nose and distinguish from one another clinically, most of these lesions 
are identified at operation. 



Fig-. 8. — Calcified intracranial aneurysm of the right temporal lobe ; A, anteroposterior 

view, and B, lateral view. 


Case 9. — A man, aged 37 years, came to the clinic complaining of weakness of 
the right side of the face and pain in the right eye. He was unaware of any weak- 
ness of the face until, eighteen months before he registered at the clinic, his chil- 
dren noticed that he slept with the right eye open. Shortly after this he was aware 
of the weakness of the right side of the face and it was diagnosed as Bell’s palsy. 
One month before his examination he began to have occasional sharp pains in the 
right eye in addition to smarting or pain in the cornea. Examination, aside from 
the palsy of the seventh nerve and diminution of hearing on the right side, gave 
essentially negative results. Roentgenologic examination of the skull revealed an 
irregular erosion of the petrous portion of the right temporal bone mesial to the 
labyrinth and semicircular canal which appeared to be caused by a contiguous 
tumor. Because of the facial palsy and erosion of the contiguous bone, a uni- 
lateral suboccipital craniotomy was done and the right cerebellar lobe was elevated, 
allowing an excellent exposure of the cerebellopontine angle. Between the fifth and 
seventh nerves a large pulsating vessel, dark in color, could be seen compressing 
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both the seventh and eighth nerves and eroding the bone (Fig. 9). Evidence of 
tumor either of the cranial nerves or in this region could not be found. Following 
operation the patient did not improve clinically and was advised to have an 
anastomosis performed between the facial and spinal accessory nerves. 



Pig. 9. — Aneurysmal angioma in the right cerebellopontine angle simulating tumor of 

acoustic nerve. 



Fig. 10. — Aneurysm of the right vertebral artery simulating tumor of the right 

cerebellopontine angle. 


A vascular lesion o£ the cerebellopontine angle, more extensive than 
that found in Case 9 and more closely simulating a tumor, was found in 
Case 10. 
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Case 10. — A woman, aged 40 years, came to the elinie complaining of pain in 
the back of the neck, dizziness, staggering gait, and loss of hearing on the right 
side. Three and a half years previously, while suffering from a cold, she noticed 
that the hearing on the right was impaired. This had gradually become progres- 
sively worse. At about the same time, intermittent attacks of double vision began, 
associated with cramplike pains in the neck. Six months after the onset of the 
difficulty in hearing she began having a staggering gait. During the preceding 
year all the above symptoms were aggravated, particularly the staggering gait. The 
deafness progressed until the hearing was almost completely lost on the right side. 

Examination of her eyes revealed slight diminution of vision in the right with 
normal vision in the left. Vertical nystagmus was noted. Papilledema and changes 
in the fields of vision were not found. Complete deafness of the right ear was 
present. The patient had such a severe degree of ataxia on the right that it was 
necessary for her to go about in a wheel chair. She held her neck stiffly and sup- 
ported her head when sitting up or lying down. No bruit could be heard. 
The severe degree of ataxia on the right was associated with incoordination. A 
right suboccipital craniotomy was performed. Evidence of a tumor or an inflam- 
matory lesion could not be found, but a large pulsating vessel could be seen com- 
pressing the pons, cerebellum, and cranial nerves. This vessel was an aneurysm of 
the right vertebral artery (Pig. 10). Associated with the aneurysm, the mesial 
surface of the cerebellum and pons was covered with a mass of telangiectatic ves- 
sels which involved the eighth, ninth, tenth, and eleventh nerves; this may have 
accounted for the patient’s disability. Following her operation the patient had 
some temporary difficulty in swallowing and had to be fed through a tube. How- 
ever, at the time of her dismissal her general condition was about the same as it 
was before operation. 

COMMENT 

Intracranial vascular lesions, although rare, so closely simulate tumor 
of the brain that a differential diagnosis is made with difficulty. Auscul- 
tation of the skull should he performed in every case of an intracranial 
lesion ; if bruits are present, they usually signify the presence of a vascu- 
lar lesion, although they may occur in association with tumors. 

Aneurysmal angiomas must be treated conservatively, although it is 
sometimes necessary to ligate and cauterize the vessels. An intracranial 
aneurysm sometimes can be relieved, if the patient is young, by ligation 
of the carotid arteries, but digital compression should be performed first 
to determine whether or not untoward symptoms will develop from such 
a procedure. 

Intracranial aneurysms can simulate cerebellar as well as cerebral 
tumors. 
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THE EFFECT OF MEDIASTINAL LESIONS ON PRESSURES IN 
THE ANTE CUBITAL AND FEMORAL VEINS 

Report op Fifty-Two Cases* 

Hugh Hudson Hussey, M.D. 

Washington, D. C. 

A NUMBER of investigators liave called attention to the fact that 
comparisons of the blood pressures in the veins of the four extremi- 
ties have considerable significance in the localization and diagnosis of 
diseases causing compression of the venae cavae or their branches. 
Among the most interesting of such conditions are, those in which 
lesions of the mediastinum cause differences in venous* pressures in 
the two arms or in the arms and legs. The close relationship of the 
superior vena cava to the ascending aorta and to the hilar region of the 
right lung explains the frequency with which aortic aneurysm and 
tumors of the right hilar region cause compression of the superior vena 
cava without affecting the inferior vena cava (Fig. 1). Similarly, the 
left innominate vein is easily encroached upon by aneurysm, and both 
innominate veins are susceptible of involvement in cases of tumors or 
other lesions in the superior mediastinum. 

Mjddleton 1 reports a case of aneurysm of the aorta in which the 
venous pressure in the left hand was about twice as high as in the right 
hand, presumably because of obstruction to venous return. Villaret, 
Saint Girons, and Grellety Bosviel, 2 in their summary of the subject of 
localized venous hypertension, cite several cases in which the effect of 
mediastinal lesions upon venous pressure measurements is exemplified. 
In one ease of aortic aneurysm the venous pressure in the left arm was 
150 mm. of water higher than in the right arm, indicating compression 
of the left innominate vein. In 5 other cases of aneurysm the pressures 
were greatly elevated in both upper extremities, with normal readings 
in the internal saphenous vein in the 2 cases in which measurements 
were made at this point, indicating compression of the superior vena 
cava. Similar findings were recorded in two cases of mediastinal neo- 
plasm, one a lymphoma and the other a metastatic carcinoma. Villaret 
and Martiny 3 review several cases in which the effect of aneurysm in 
altering peripheral venous pressures again is demonstrated. They also 
mention a case of tuberculous mediastinitis in which strangulation of the 
superior vena cava caused a pressure of 300 mm. of water in the veins 
of the arm as compared to a pressure of 200 mm. in the internal 
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saphenous vein. Villaret and Desoille 4 mention difference in venous 
pressui-es in the arms as a common finding in cases of mediastinal t um ors 
and cite a case of aortic aneurysm in which the venous pressures in the 
right and left arms, respectively, were 70 and 150 mm. of water. Ferris 
and 'Wilkins 5 report, among other interesting cases, three in which 
mediastinal tumors caused significant differences in the venous pressures 
of the arm as compared to those of the leg. One was a case in which 
the thyroid was substernal, with pressures of 105 and 50 mm. of water, 
respectively, in the anteeubital and femoral veins. The second was a 
case of mediastinal ehorionepithelioma invading the superior vena cava, 
with measurements of 230 mm. (anteeubital) and 45 mm. (femoral). 



Fig-. 1. — Anterior view of mediastinal structures. 


The third was a case of bronchogenic carcinoma invading the superior 
vena cava, with measurements of 350 mm. (anteeubital) and SO nun. 
(femoral) . Apparently, comparisons of the venous pressures in the two 
arms were not made in these cases. Burwell 6 reports a case of lymphoma 
of the superior mediastinum in which the venous pressures in mm. of 
water were as follows: Eight anteeubital, 360: left anteeubital, 215; 
left femoral, 60. 

In this present study, in which comparisons similar to those of the 
authors quoted above are included, venous pressure measurements were 
made by the method of Griffith, Chamberlain, and Kitchell. 7 A carpen- 
ter’s level and a ruler were employed in order to ensure use of the same 
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plane on the two sides of the thorax and in the thigh for comparison of 
measurements. Readings were taken consecutively in the antecubital 
fossae and one of the femoral veins, the same instrument being used 
for each measurement on a given patient. The whole procedure required 
ten or fifteen minutes. This length of time is not sufficient to account 
for significant differences in pressures in the veins of the various ex- 
tremities caused by alterations in the factors which normally control 
venous blood pressure, so that readings may be interpreted as if they 
had been taken simultaneously. Using this method in twelve patients 
without physical signs or roentgenographic evidence of disease which 
might cause alteration of the venous pressure in any of the extremities, 
I have found that the venous pressures in the two arms did not differ by 
more than 10 mm. of water in any case and that the pressure in the 
femoral vein tended to be a little higher than the pressure in the ante- 
cubital veins. In one case it was as much as 40 mm. of water higher, 
without apparent cause. These findings agree on the whole with those 
of Griffith, Chamberlain, and Kitchell 8 and of Burwell. 6 The series of 
fifty-two cases of mediastinal lesions in which clinical manifestations 
indicated the presence of a possible cause for differences in the venous 
pressures in the antecubital and femoral veins is included in Table I. 

Table I 


Cases in Which There Was a Possible Cause for Differences in Venous Pres- 
sure in Extremities 



CASES 

Aneurysm 

Aortic dilatation 

27 

Syphilitic aortitis 

4 

Hypertension 

5 

Mediastinal tumor (lymphoma) 

7 

Mediastinal tumor (carcinoma) 

i 

Undetermined 

2 

Superior sulcus tumor 

1 

Cold abscess 

1 

Substernal goiter 

1 

Carcinoma of esophagus 

1 

Patent ductus arteriosus 

1 

Pericarditis 

1 

52 


VENOUS PRESSURES IN CASES OF ANEURYSM 

Venous pressure measurements were made in both upper extremities 
in 27 consecutive cases of aneurysm of the thoracic aorta or innominate 
artery, and in 18 of these eases measurement also was recorded in one 
of the femoral veins. Careful roentgenographic and fluoroscopic exam- 
inations were made in all cases as a part of the clinical study leading to 
diagnosis. The results of the venous pressure measurements are shown 
in Table II. In Cases 1 to 10, inclusive, the aneurysm involved the 
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ascending aorta; in Cases 11 to 17, inclusive, the aortic arch; in Cases 
18 to 24, inclusive, both the ascending aorta and the arch; in Case 25, 
the descending thoracic aorta; and in Cases 26 and 27, the innominate 
artery. 

In 23 cases (85 per cent) the venous pressure measurements in the 
upper extremities showed significant differences, ranging from 25 to 220 
mm. of water. It is important to note that a significant difference in 
arterial blood pressures in the two arms is a much less common finding. 
A difference of 10 mm. of Hg, or more, in either systolic or diastolic 
pressure was found in only 7 of the 27 cases (26 per cent). This group 
includes the 9 cases in which measurements were not made in the femoral 
vein. In 5 of the 23 cases (21.7 per cent) the venous pressures were 


Table II 

Venous Pressures in Twenty-Seven Cases of Aneurysm 


CASE NO. 

VENOUS pressures 
(mm. of water) 

CASE NO. 

VENOUS PRESSURES 
(MM. OF WATER) 

RT. ARM 

LEFT ARM 

FEMORAL 

RT. ARM 


FEMORAL 

1 

95 

100 

55 

15 

138 

95 

45 

2 

160 

150 

50 

16 

30 

55 


3 

250 

210 

45 

17 

170 

200 


4 

55 

155 

110 

18 

210 

115 

70 

5 

90 

115 


19 

78 

125 


6 

238 

275 

45 

20 

165 

160 

85 

7 

15 

85 


21 

205 

210 

60 

8 

80 

50 

45 

22 

120 

205 

50 

9 

300 

120 

60 

23 

220 

150 


10 

320 

100 

90 

24 

205 

265 

275 

11 

70 

135 

125 

25 

55 

120 


12 

60 

270 


26 

150 

65 

60 

13 

85 

160 

100 

27 

90 

25 

45 

14 

84 

122 







higher than normal in both arms, indicating severe compression of the 
superior vena cava or both innominate veins. In 10 cases (43.5 per cent) 
the venous pressure was higher than normal in one arm and normal in 
the other, indicating severe compression of one innominate vein with- 
out demonstrable compression of the superior vena cava and other 
innominate vein. In the remaining 8 cases (34.8 per cent) in which 
there were significant differences in pressures in the two arms, the pres- 
sures were all within normal limits, indicating probably slight com- 
pression of one innominate vein only. The venous pressure was higher 
on the left side in 14 cases (61 per cent), and higher on the right side in 
9 cases (39 per cent). The preponderance of higher pressures on the 
left side probably depends on the anatomic fact already mentioned, 
namely, the closer relationship of the left innominate vein to the aorta. 
As would be expected, in both of the cases of aneurysm of the innominate 
artery the venous pressure measurements indicated compression of the 
right innominate vein only. 
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Of the 18 cases in which the pi'essure in the femoral vein was 
measured, the femoral venous pressure was significantly lower than the 
pressure in either arm in 10 cases (55.6 per cent), and in 8 cases (44.4 
per cent) it was not. Included in the first group were the 4 cases in 
which a significant difference in the venous pressures in the two arms 
was not discovered. In only one case (Case 24) was the femoral venous 
pressure higher than normal. This patient had severe congestive heart 
failure which persisted until he died and precluded the possibility of a 
low femoral venous pressure. However, the arm pressures showed a 
significant difference of 60 mm. of water in spite of the congestive heart 
failure. 

The conclusion to be drawn from these findings is inescapable. 
Aneurysm of the aorta or innominate artery practically always causes 
changes in the venous pressures in the extremities by compressing the 



Fig. 2. — Case 22. Aneurysm of ascending aorta and arch. 

superior vena cava or one or both of its main tributaries. The only 
important exception would arise in cases in which the aneurysm com- 
presses only the superior vena cava and in which congestive heart failure 
is simultaneously present. In such cases the venous pressure would be 
high in the tributaries of the inferior vena cava because of the con- 
gestive heart failure, and there would be no significant difference in pres- 
sures in the tributaries of the superior vena cava on the two sides of the 
body. In general, the larger the aneurysm, the greater the differences 
in venous pressures in the extremities. 

The diagnostic value of comparison of venous pressures in the ex- 
tremities naturally will depend upon how often the procedure is used. 
Certainly it is simple and inexpensive enough to encourage its frequent 
use. Probably it should be used in all cases of aortic regurgitation in 
which roentgenographie examination is not contemplated. The following 
brief summary of a case of aneurysm demonstrates its value. 
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ILLUSTRATIVE CASE 

Case 22. — W. G., a negro, aged 6.0 years, was admitted to Gallinger Municipal 
Hospital March 17, 1937. He had been working as a furniture mover until one week 
before admission, when he had suffered a sudden attack of unconsciousness which 
came on while he was working. On recovering consciousness, after about 10 minutes, 
he had noticed that his right arm and leg were paralyzed. The remainder of the his- 
tory was irrelevant except that he had had a chancre and inadequate antisyphilitic 
treatment many years in the past. Physical examination revealed the usual evidences 
of partial right hemiplegia. The arterial blood pressure was 200/100; there was 
hypertensive retinopathy, grade 2; the heart was slightly enlarged; and a murmur 
typical of aortic regurgitation was audible. There was slight edema of the left 
hand, believed at first to be the result of the hemiplegia.* However, the venous 
pressures in mm. of water were found to be 205 in the left arm, 120 in the right 
arm, and 50 in the femoral. These findings suggested the possibility of aneurysm 
or, as seemed less likely, some other mediastinal lesion causing compression of the 
superior vena cava and left innominate vein. Subsequent fluoroscopic and roent- 
genograpliic examination substantiated the diagnosis of aneurysm (Fig. 2). 

VENOUS PRESSURES IN CASES OF AORTIC DILATATION 

In 9 eases studied, aortic dilatation insufficient to constitute aneurysm 
was diagnosed on roentgenograpliie examination. The results of venous 
pressure measurements in these cases are shown in Table III. Syphilitic 


Table III 

Venous Pressures in Nine Cases of Aortic Dilatation 


CASE NO. 

1 VENOUS PRESSURES (MM. OF WATER) 

RIGHT ARM 

LEFT ARM 

FEMORAL 

28 

65 

95 


29 

130 

130 

90 

30 

160 

125 

60 

31 

SO 

105 


32 

210 

250 

260 

33 

8S 

90 


34 

170 

175 

170 

35 

50 

55 


36 

115 

115 



aortitis was present in 4 cases, and severe hypertension in the other 5 
cases. These causative factors accounted for 2 and 3 cases, respectively, 
in which significant differences were found in the venous pressure 
measurements. In the remaining 4 cases significant differences were 
lacking. Congestive heart failure was present in Cases 32 and 34 to 
account for elevation of femoral venous pressure. In the latter case 
repeated measurements of the venous pressures in the arms failed to 
reveal a significant difference, and the pressures dropped within normal 
limits as the heart failure improved. Apparently aortic dilatation alters 
peripheral venous blood pressure less commonly than aortic aneurysm. 

^Unilateral edema on the paralyzed side is common, particularly in the upper 
extremity, in cases of hemiplegia. However, Weiss and Ellis 0 have shown that when 
such edema is the result of the hemiplegia the arterial and venous blood pressures 
are not significantly different in the upper extremities. 
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However, it must be kept in mind as a possible cause in cases in which 
comparisons of venous pressure measurements in the extremities are 
made for diagnostic purposes. 

VENOUS PRESSURES IN CASES OP OTHER MEDIASTINAL LESIONS 

In 16 cases of miscellaneous mediastinal lesions other than aneurysm 
or aortic dilatation, measurements of venous pressures in the two arms 
were compared, and in 13 of these eases measurement of femoral venous 
pressure also was obtained. The results of these measurements are 
shown in Table IV. 

In 7 cases the diagnosis was mediastinal lymphoma, including 3 cases 
of Hodgkin’s disease, 2 eases of acute lymphatic leucemia, 1 case of 
lymphosarcoma, and 1 case of malignant lymphoma of undetermined 
type. In this last case roentgenokymographic examination was neces- 
sary to exclude the diagnosis of aneurysm. In all 7 cases of lymphoma 



Fig. 3. Fig. 4. 

Fig. 3. — Case 38. Hodgkin’s disease before roentgenotherapy. 
Fig. 4. — Case 38. Hodgkin’s disease after roentgenotherapy. 


the effects of compression of the superior vena cava or one of its main 
tributaries on the venous pressures in the extremities were evident. In 
5 cases the venous pressure was considerably elevated and nearly iden- 
tical in both arms and was within normal limits in the femoral vein, 
probably indicating compression of the superior vena cava. In the other 
2 cases the venous pressure was higher than normal in one arm and 
within normal limits in the other arm and femoral vein, indicating com- 
pression of one innominate vein. 

Several of the cases of lymphoma demonstrated a further use, men- 
tioned in a previous report, 10 of comparison of repeated measurements of 
venous pressures for the purpose of showing the degree of response of 
mediastinal tumors to roentgenotherapy. For example, in one case of 
Hodgkin’s disease (Case 38) with roentgenographic evidence of marked 
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enlargement of the mediastinum (Fig. 3), the venous pressures were 
210 mm. in the arms and 100 mm. in the thigh. Several months later, 
after roentgenotherapy, the venous pressure measurements were as fol- 
lows : right arm, 117 mm. ; left arm, 93 mm. ; femoral, 183 mm. This in- 
direct evidence of shrinkage of the mediastinal tumor was verified by 
roentgenographic examination (Fig. 4). The rise in pressure in the 
femoral vein probably was the result of compression of the inferior vena 
cava by enlarged intra-abdominal lymph nodes. 

In Case 44 the diagnosis during life was mediastinal lymphoma, 
probably Hodgkin’s disease. The venous pressure measurements were 
indicative of compression of the superior vena cava, but no anatomic 
reason could be found for the high pressure (195 mm. of water) in the 
femoral vein. However, at post-mortem examination the patient was 
found to have carcinoma of the kidney (hypernephroma) with massive 

Table IV 


Venous Pressures in Sixteen Cases of Other Mediastinal Lesions 


CASE NO. 

DIAGNOSIS 

VENOUS PRE 

RIGHT ARM 

SSURES (MM. 
LEFT ARM 

OF WATER) 
FEMORAL ’ 

37 

Mediastinal lymphoma 

55 

195 

60 

38 

Mediastinal lymphoma 

210 

210 

100 

39 

Mediastinal lymphoma • 

175 

80 

45 

40 

Mediastinal lymphoma 

160 

160 

80 

41 

Mediastinal lymphoma 

190 

190 

45 

42 

Mediastinal lymphoma 

235 

23,5 

50 

43 

Mediastinal lymphoma 

180 

180 

55 

44 

Metastatic carcinoma 

375 

370 

195 

45 

Undetermined 

430 

430 

70 

46 

Undetermined 

460 

450 

140 

47 

Rt. sup. sulcus tumor 

180 

50 

60 

48 

Cold abscess 

90 

90 

120 

49 

Substernal goiter 

135 

130 

140 

50 

Cancer of esophagus 

102 

92. 


51 

Patent ductus arteriosus 

90 

120 


52 

Pericarditis 

320 

130 



involvement of the mediastinal lymph nodes, accounting for the roent- 
genographic appearance of lymphoma, and with direct invasion and 
partial occlusion of the inferior vena cava, explaining the elevated pres- 
sure in the femoral vein. 

Cases 45 and 46 were similar, as far as venous pressure measurements 
are concerned, to most of the preceding cases of mediastinal tumor; 
there was evidence of marked compression of the superior vena cava 
in the elevated, nearly identical venous pressures in the upper extremi- 
ties, and normal pressure in the femoral vein. However, roentgeno- 
graphic and fluoroscopic examinations yielded inconclusive results. In 
Case 45 the roentgenogram (Fig. 5) showed a shadow in the right 
superior mediastinum suggestive of a dilated superior vena cava, but the 
cause for this was not discovered. In Case 46 the clinical picture was 
that of sudden obstruction of the superior vena cava, with venous en- 
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gorgement and edema of the head, neck, and upper extremities. Boent- 
genographic and fluoroscopic findings were suggestive of an inflamma- 
tory lesion of the superior mediastinum, and this diagnosis was sup- 



Fig. 5 — Case 45. Roentgenogram showing dilated superior vena cava. 



Ffe- 6. Fig. 7. 

Fig. G. — Case 47. Right superior sulcus tumor, 
dorsa?" vertebrae ind S & destruction of right half of upper three 

ported by the rapidity with which the patient grew worse and by the 
fact that death soon occurred. However, complete proof was lacking, 
and a post-mortem examination was not performed. 
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In Case 47, the patient, a 45-year-old negro, had symptoms and signs 
of disease of the upper thoracic portion of the spinal cord on the right 
side. He also had the ocular signs of involvement of the cervical sym- 
pathetic nerves on the right side. Roentgenograms disclosed an opacity 
overlying the apex of the right lung (Fig. 6) and destruction of the 
right half of the upper three dorsal vertebrae and posterior portions of 
the first three ribs (Fig. 7). The high venous pressure in the right arm 
probably indicated compression or invasion of the right subclavian vein. 
Biopsy of a cervical lymph node showed a highly undifferentiated 
malignant neoplasm. This finding, together with the roentgenographie 
report and failure to discover evidence of a primary neoplasm in the 
gastrointestinal tract, kidneys, or elsewhere, led to a diagnosis of superior 
sulcus tumor. 

Little comment is necessary in Case 48, one of tuberculous abscess of 
the posterior mediastinum. The normal venous pressure measurements 
are not surprising in view of the distance of such an abscess from the 
great veins of the thorax. 

In Case 49 comparison of venous pressure measurements in the upper 
and lower extremities had unusual diagnostic value. The patient, a 
white woman, aged 57 years, had the clinical manifestations of severe 
hyperthyroidism complicated by moderately severe essential hyperten- 
sion. In the course of routine studies of the circulation the pressure in 
the antecubital veins was found to be above normal (150 mm. of water), 
and the arm-to-lung and arm-to-throat circulation times were prolonged 
(19 seconds and 36 seconds, respectively). These findings were believed 
at first to indicate the existence of congestive heart failure, but when 
roentgenographie study of the thorax showed a substernal goiter, the 
possibility had to be considered that elevation of venous pressure and 
prolongation of circulation times were due to compression of the thoracic 
veins. However, subsequent measurements of venous pressures in the 
femoral and antecubital veins all were high, confirming the original im- 
pression of congestive heart failure. In this case the femoral venous 
pressure was needed for accurate diagnosis. 

In Case 50 the venous pressure measurements in the upper extremi- 
ties were not significantly different. The patient, an Italian, aged 64 
years, was obviously hoarse, but his other complaints could not be well 
understood partly because of the extreme hoarseness and partly because 
of his difficulty with the English language. The venous pressures were 
believed to rule out the possibility of aortic aneurysm in this case. The 
correct diagnosis of carcinoma of the esophagus was made after ob- 
serving the patient for a few days and by means of appropriate fluoro- 
scopic examination. 

In Case 51, the patient, a young man, was known to have a patent 
ductus arteriosus. Venous pressure measurements were made in both 
arms as a matter of academic interest when it was discovered that no 
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arterial pulsations could be detected in tlie left upper extremity. In- 
terestingly enough, the venous pressure was 30 mm. of water higher on 
this side than on the right. I have no explanation for these findings. 

In Case 52 the patient, a white girl, had been ill for about a week 
with pneumococcal lobar pneumonia, when edema appeared in the right 
side of the face and right infraclavieular region. On the next day 
fluoroscopic examination of the thorax and pericardial paracentesis led 
to a diagnosis of suppurative pericarditis. Venous pressure measure- 
ments at this time in the right and left arms were 350 and 180 mm. of 
water, respectively. The following day a roentgenogram showed con- 
siderable compression of the right lung by the dilated pericardial sac 
(Fig. 8). On this day pericardiotomy was followed by a drop in the 
venous pressures to 320 mm. in the right arm and 130 mm. in the left. 



Fig 1 . 8. — Case 52. Massive pericardial effusion. 

It seems likely that in this case the pericardial effusion, in addition to 
causing some compression of the superior vena cava or right atrium, 
distorted or compressed the right innominate vein. Post-mortem exam- 
ination, almost two weeks later, disclosed no likelier explanation. 

SUMMARY AND CONCLUSIONS 

1. A review of the' literature dealing with comparisons of venous 
pressures in the arms and legs in cases of mediastinal lesions is presented, 
and 52 original cases are reported. 

2. In 27 consecutive cases of aneurysm of the aorta or innominate 
artery, there was a significant difference in the venous pressures in the 
two arms in 23 cases (85 per cent). In the remaining 4 cases, although 
the venous pressures were equal in the two arms, they were significantly 
higher than the pressure in the femoral vein. This finding of high 
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venous pressure in one or both arms and normal pressure in the femoral 
vein was present in more than half the eases (55.6 per cent) in which 
femoral venous pressure was measured, 

3. Such alterations in venous pressure measurements are the result 
of compression of the superior vena cava or its tributaries without com- 
pression of the inferior vena cava. In general, the degree and type of 
alteration depend upon the size and location of the aneurysm. 

4. Aortic dilatation insufficient to constitute aneurysm was observed 
in 9 cases, in 5 of which similar significant alterations in venous pres- 
sures were found. 

5. The effects on venous pressures in 16 cases of other mediastinal 
lesions are presented. Such lesions, particularly tumors, are shown to 
alter venous pressure measurements in much the same way as aneurysm. 

6. Repeated measurements of venous pressures are valuable in ob- 
serving the response of some types of mediastinal tumor to roentgeno- 
therapy. 

7. Measurement of the venous pressures in the antecubital and femoral 
veins is a valuable aid in the diagnosis of mediastinal lesions. 
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BILATERAL CAROTID SINUS DENERVATION IN A PATIENT 
HAVING- SYNCOPAL ATTACKS AND A CONGENITAL 

VASCULAR ANOMALY 

Report of an Unusual Case* 

Albert H. Elliot, M.D., Neville T. Ussher, M.D., 
and Caleb S. Stone, M.D. 

Santa Barbara, Calif. 

T HE following history of a patient suffering from syncopal attacks is 
presented because of the interesting combination of hyperirritability 
of the carotid sinus mechanism together with a congenital vascular ab- 
normality affecting the head and upper extremities. The effects upon 
this syndrome of bilateral denervation of the carotid sinuses will be 
described. 

REPORT OF CASE 

I. S., a male Mexican laborer, 26 years of age, was admitted to the Santa Barbara 
General Hospital in July, 1935, with the complaints of fainting spells, visual dis- 
turbances, and transitory weakness of the arms and legs. 

The family and past histories were irrelevant. 

While picking lemons five months previously there was sudden loss of vision which 
lasted but a short time. This was followed by episodes of trembling of the hands, 
weakness of the legs, and foggy or double vision. These symptoms lasted only a few 
minutes, but occurred several times weekly and proved so incapacitating as ultimately 
to make work impossible. 

On several occasions the visual disturbance was followed by momentary loss of 
consciousness which occurred most commonly wdien he was standing, occasionally 
after a heavy meal when sitting, but never when lying down. He did not believe 
that these atttacks were accompanied by convulsions, frothing at the mouth, or re- 
laxation of the sphincters. Occasionally they were preceded by dyspnea. He had 
found that assuming a supine position prevented fainting and relieved the visual 
disturbance. 

On physical examination neither blood pressure readings nor a radial pulse were 
obtainable in either arm. The blood and urine were normal. The spinal fluid was 
clear, not under increased pressure, and acellular. The colloidal gold curve was 
flat. Kahn precipitations, performed on blood and spinal fluid, were negative. 

Six weeks later he was readmitted to the hospital because episodes of amblyopia, 
vertigo, and fainting, either singly or together, had recurred repeatedly. 

The absence of pulsation in the major vessels of the upper extremities was again 
noted, and it was discovered that pressure over either or both carotid sinuses resulted 
in convulsive movements and syncope. 

'From the Santa Barbara General Hospital and the Research Department of the 
Santa Barbara Clinic. 

Received for publication July 20, 1938. 

Read before the American Heart Association, at San Francisco, June 10, 1938. 
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The basal metabolic rate was minus 26 per cent. Venous blood sugar levels before 
and at hourly intervals following the ingestion of 100 gm. of glucose were 100, 117, 
80, and 95 mg. per cent, respectively. Roentgenologic studies of the skull and chest 
disclosed a bony bridging of the sella turcica. There was no evidence of cervical 
ribs. The left ventricle was slightly enlarged, but the aortic arch was normal in 
pulsation and shape as viewed in the anteroposterior and oblique positions. 

The patient was then referred to the vascular clinic of the Cottage Hospital where 
the following observations were made: There was pronounced pallor of the ocular 
fundi. A slight expansile pulsation, accompanied by a faint thrill, could be felt in 
the right carotid triangle. There was audible here a loud bruit with systolic ac- 
centuation which disappeared when pressure was applied just above the clavicle. The 
jugular veins were not visible. No pulsation could be felt over the left carotid 
artery, the temporal arteries, or the subclavian artery and its branches on either side. 
The blood pressure could not be obtained. Oscillometric readings on the arms were 
extremely low, the needle moving but half a division at the wrists. Vigorous pulsa- 
tions were felt in the major arterial trunks of the legs and feet. The blood pressure 
in the legs averaged 220/120 when measured with the patient in the supine position. 

To determine whether vascular spasm was an element in the production of this 
peculiar clinical picture, the patient, partially unclothed, was exposed to an en- 
vironmental temperature of 18.2° C. for one hour, after which heat was applied 
to the trunk by means of a heated cradle. The temperature of the fingers of the 
right hand rose from 17.0° C. to 31.4°, and that of the fingers of the left hand 
rose from an initial level of 29° to 30.8° C. No increase in the oscillometric read- 
ings occurred after vasodilatation was induced, nor was it possible to obtain a pulse 
in the arms after giving nitroglycerin by mouth. It thus appeared certain that the 
lack of pulsation in the vessels of the upper extremities was not due to vascular 
spasm. The satisfactory rise in the skin temperature of the finger tips indicated 
that increase in blood flow to the hands, resulting from maximum vasodilatation, 
was of normal magnitude. 

These observations suggested that the carotid and subclavian arteries took their 
origin from a common trunk arising from the aorta and that the orifice of this vessel 
was stenotic. Such an anomaly could explain the lack of pulsation in these vessels 
and the presence of the thrill and murmur above the clavicle. 

Nature of the Syncopal Attacks . — Pressure over either carotid sinus resulted in 
seizures which the patient said were identical with his previous spontaneous attacks. 
The induced attacks were always similar in regard to the sequence' of events and 
their time relationship with each other. Firm sustained pressure over either sinus 
area produced in four or five seconds slow, deep, regular breathing which persisted 
as long as pressure was maintained. Usually a few seconds later there was slight 
blanching of the face. The intensity, however, was difficult to evaluate because of 
the swarthy complexion. With continuance of pressure, tonic convulsive movements, 
appearing first in the legs, spread rapidly to the upper extremities, to be followed 
immediately by upward rotation of the eyeballs, dilation of the pupils, and, if the 
patient was sitting or standing, loss of consciousness. If pressure was still main- 
tained, hyperpnea and convulsive movements persisted unabated. With release of 
pressure complete recovery was rapid, consciousness returning simultaneously with 
the subsidence of the other manifestations. The interval between the initiation of 
sinus pressure and the onset of syncope was usually about fifteen to twenty seconds. 
Light or intermittent pressure upon the sinus did not induce syncope nor convulsive 
movements, but some degree of hyperpnea always resulted. Likewise, syncope could 
not be induced if the patient was in the supine position. 



Changes in Blood Pressure and Pulse Bate During Induced Attacks, Showing Effects of Drugs and Operative Intervention 
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As previously stated, pressure over either sinus produced a similar train of 
events, but the concurrent changes in pulse and blood pressure differed slightly. 
With pressure upon the right sinus area, the systolic blood pressure as measured 
in the legs fell by as much as 40 to 80 mm. and the diastolic pressure usually became 
unobtainable. The pulse slowed to as few as 40 beats per minute. With release of 
pressure the rebound in blood pressure and pulse rate to the initial levels was im- 
mediate. Massage of the left sinus area was followed by a fall in pressure of similar 
magnitude, but the pulse slowing was less pronounced, averaging 20 beats per minute. 
With simultaneous pressure upon both sinuses there was some degree of summation 
of these effects. The magnitude of these changes is indicated in Table I. Electro- 
cardiographic tracings taken during periods of maximum pulse slowing showed a 
simple depression of impulse formation in the sinus node. The rhythm remained 
regular and intraventricular conduction was unaffected. 

The effect of various drugs upon induced attacks was studied. After the intra- 
muscular injection of epinephrine, attacks eould be induced with facility. The only 
change noted was that the pulse slowing was less pronounced. Atropin in large doses 
partially' prevented the fall in blood pressure and pulse rate. Loss of consciousness 
could no longer be produced by bilateral pressure, and the hyperpnea was appreciably 
lessened. Acetyl-j3-methylcholine chloride was used in large doses without appreciable 
influence upon the attacks. These observations are summarized in Table I. 

Effect of Denervation of the Bight Carotid Sinus . — On Nov. 11, 1935, denerva- 
tion of the right carotid sinus was carried out under local anesthesia. The common 
carotid artery', just above the clavicle, was found to be slightly dilated and pulsating 
fairly vigorously'. It then narrowed rather abruptly to approximately one-half the 
diameter of a normal artery, pulsation at this point and beyond being feeble. There 
was no communication between the artery and the jugular vein nor was the course 
of either vessel through the neck abnormal. Dissection of the carotid sheath and 
traction upon the artery in the region of the bifurcation caused hyperventilation 
and changes in the pulse and blood pressure which were exactly the same as those 
previously' induced by' pressure. Compression of the artery below the bifurcation 
was without effect. Electrocardiograms during these procedures were similar to 
those previously obtained. After the injection of novoeaine about the sinus area 
periarterial stripping of the crotch was accomplished without further incident. 
Histologic examination of the removed tissue showed that it contained the carotid 
body' and immediately' related nerve fibers. 

Course . — During the succeeding seven days in the hospital the blood pressure in 
the legs gradually rose from 1S5/95 to 225/135. On November 26, fifteen days 
after operation, the patient reported that he had been without symptoms except 
for one attack of vertigo and inability' to flex the fingers of the left hand on the 
preceding day'. At this visit the blood pressure, when the patient was supine, 
averaged 190/120. Firm pressure at the angle of the right jaw was entirely without 
result. During the succeeding month he had attempted to work, but his previous 
symptoms quickly returned with their former vigor. His pulse was found to be ac- 
celerated to 100 beats per minute, or more, on most occasions, as compared with 
the preoperative average of SO to 90 beats per minute. The blood pressure in the 
legs remained at the same level. Pressure over the left carotid sinus area resulted 
in the usual attacks. 

Denervation of the Deft Carotid Sinus . — Because the patient’s symptoms had not 
been appreciably improved by the first operation, the left carotid sinus was de- 
nervated on Jan. 8, 1936. Dissection of the neck disclosed a narrowed, pulseless, 
left common carotid artery. Its anatomic relationships with surrounding structures 



ELLIOT ET AL. : BILATERAL CAROTID SINUS DENERVATION 


73 


were apparently normal. The dramatic course of events which occurred during the 
operation may best be expressed by the following protocol : 

TIME BLOOD PRESSURE PULSE RATE NOTES 


9:10 A.M. 

190/135 


Excited; being prepared for operation. 

9:30 

260/140 

129 

Anesthesia of skin. 

9:40 

210/120 

150 

Dissecting sheath. Some hyperventilation. 

9:50 

160/110 

135 

Hyperventilation ; sobbing and clenching 
of fists. 

9:55 

150/130 

120 

Artery being dissected out. Pulse sud- 
denly slowed, then became imper- 
ceptible. Generalized tetanic convul- 
sion. Pulse returned in about 30 sec- 
onds. Whiffs of carbogene. 

10:02 

190/150 


Pulse slowing and weakening momentar- 
ily. Bifurcation dissected free. 

10:03 

190/150 


Novocain into sinus. 

10:13 

260/150 

150 

Periarterial stripping begun. 

10:35 

260/160 

132 

Comfortable. 

11:00 

260/165 

129 

Dissection completed. 

Course — 

-The patient lias 

been 

observed over a fourteen-month period since the 


second operation. Blood pressure determinations were made at intervals of four 
hours during the first three postoperative days. The pressure remained at the pre- 
operative level. During the succeeding month there were no syncopal attacks. For 
the following eight months the patient was able to work, but complained of transitory 
partial blindness and intervening periods when “things looked dark.” At this 
time cataracts developed rapidly in both eyes, leading to total blindness. The cause 
of this unexpected complication remains unexplained. 

Syncopal attacks, similar in all respects to those which occurred before operation 
have been experienced on approximately ten occasions. The last attack was followed 
by a left-sided hemiplegia from which recovery was complete in three weeks. At 
present pressure over either or both carotid bulbs is without effect upon respiration 
or blood pressure. The pulse slows slightly with bilateral pressure, but syncope can 
no longer be induced. The blood pressure in the legs as measured at frequent inter- 
vals during the fourteen-month period has shown a slight but definite downward 
trend. The last readings, taken with the patient in the supine position, averaged 
1G0/100. The pulse rate has remained uninfluenced. It should be noted that this 
fall in pressure is not attributable to cardiac weakness. 

DISCUSSION 

It is not necessary to review the physiology of the carotid sinus 
mechanism except in so far as it bears upon derangement of the circula- 
tory dynamics exhibited by this patient. Because of a vascular anomaly, 
the pressure within his sinuses was presumably low. If the sinus mecha- 
nism exerts a constant regulatory effect in the direction of preventing- 
excessive intra-arterial pressures, the elevated blood pressure observed 
in the legs of this patient might be due to the lack of a pressure stimulus 
within the sinus sufficient to bring about a discharge of depressor im- 
pulses. Such a hypothesis at first sight seems reasonable in view of the 
fact that no rise in blood pressure occurred following denervation of 
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both sinuses. However, the studies of Leriche, et al., 1 indicate that in 
man, as well as in the dog, the carotid sinus mechanism does not exert 
a constant regulatory effect upon the circulatory apparatus. They sub- 
jected five patients to bilateral carotid sinus denervation, and in three 
of these which were satisfactorily followed, changes in blood pressure 
and pulse rate were transitory only. Thus it would seem that the 
carotid sinus mechanism may be disrupted with impunity, so far, at 
least, as the danger of producing lasting hypertension or tachycardia is 
concerned. We may not, therefore, attribute the hypertension in our 
patient to inhibited sinus function. It is more likely that decreased flow 
through the vasomotor centers of the midbrain produced a state of 
generalized persistent vasoconstriction. 

Two possibilities suggest themselves as explaining the occurrence of 
the syncopal attacks suffered by this patient. Cerebral ischemia, suf- 
ficient to induce unconsciousness, could conceivably result from sudden 
lessening of the carotid blood flow. This might occur when, in the up- 
right position, the degree of physical activity did not insure the main- 
tenance of a sufficiently high systolic pressure to drive the blood through 
the congenitally narrowed vascular system supplying the head. Such 
a mechanism would be similar to that in patients who faint from postural 
hypotension. The blood pressure in the legs of our patient rose 40 to 
50 nun. when the upright position was assumed after lying supine, but, 
since pressures in the arm could not be obtained, we do not know whether 
a simultaneous diminution in blood flow occurred in the upper portion 
of the body, which, of course, is characteristic of postural hypotension. 

The second possible mechanism is that at times a stimulus, the nature 
of which is unclear, acted upon the carotid sinuses and thus caused 
spontaneous attacks similar to those induced by pressure over the sinus 
areas. That such was the case seems probable. The patient stated that 
the subjective sensations accompanying the induced and spontaneous 
seizures were identical. Spontaneous attacks were preceded by difficulty 
in getting the breath, and on one occasion, after the patient had been 
standing for some minutes before a fluoroscopic screen, he began to 
breathe deeply and said that he felt dizzy and was about to faint. The 
hyperpnea continued for a minute or more, but consciousness was not 
lost. This was the only spontaneous attack seen by us. The appearance 
of the patient was similar to what it was during carotid sinus pressure. 
The complete disappearance of the spontaneous seizures for a month 
following the second operation and their infrequent occurrence since 
that time are likewise strong evidence that the carotid sinus was a factor. 
It is of course possible that both mechanisms were operative. This 
would explain the return of syncopal seizures, following operation, at 
a time when pressure upon the sinus areas was without effect upon the 
circulatory system. 
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Ferris, Capps, and Weiss 2 have classified carotid sinus syncope as 
being either of the cerebral type (syncope due to altered reaction of the 
brain cells dependent upon vasomotor changes in strictly localized areas 
or upon a response to efferent nervous impulses originating in the 
sinuses), or of the cardiac type (circulatory), in which unconsciousness 
is accompanied by, and presumably dependent upon, slowing of the 
heart and, usually, a fall in blood pressure. Fainting due to the latter 
mechanism is abolished by atropine. This was true in our patient, and 
the induced syncope was always accompanied by profound cardio- 
vascular changes. He was therefore classified as an instance of the 
cardiac or circulatory type of syncope. Operative intervention was 
undertaken with the hope of interrupting this hypersensitive carotid 
reflex and of perhaps producing a lasting elevation of systolic pressure 
sufficient to drive blood through a congenitally narrowed vascular bed. 
The hope (although only partially realized) that by means of either or 
both of these effects a successful therapeutic outcome might be achieved 
justified surgical intervention of an experimental nature. 

SUMMARY 

Bilateral denervation of the carotid sinuses was performed upon a 
patient suffering from incapacitating syncopal seizures. The probable 
etiology of this condition was hyperirritability of the carotid sinus 
mechanism in association with a congenital obstruction to blood flow 
through the head and arms. The frequency and severity of attacks 
were greatly diminished over a period of fourteen months. Blood pres- 
sure and pulse rate levels were not appreciably altered. Bilateral 
cataracts developed after eight months, and a transient hemiplegia after 
ten months. Theoretic conceptions regarding the abnormal physiology 
in this case, and its attempted cure by surgical means, are discussed. 

REFERENCES 

1. Leriche, R., Froelich, F., and Fontaini, R.: L’Enervation Simi: Carotidienne, 

Presse med. 43: 1217, 1935. 

2. Ferris, E. B., Capps, R. B., and Weiss, S.: Carotid Sinus Sjmcope and Its 

Bearing on the Unconscious State and Convulsions, Medicine 14: 377 

103=: ' > 



THROMBOPHLEBITIS MIGRANS 

Case Report 

Louis Hirschhorn, M.D., James R. Lisa, M.D., and 
Raymond J. Goldstein, M.D. 

New York, N. Y. 

T HIS is a report of a ease of thrombophlebitis migrans with unusual 
heart findings in which necropsy was performed. "While these cases 
are not uncommon in the literature, post-mortem studies on them are 
rare. 

CASE REPORT 

Mrs. I). S., white, aged 54 years, was admitted to City Hospital on the service 
of Dr. W. L. Wliittemore, in extreme heart failure, on May 25, 1937. Breathing 
was extremely difficult, cyanosis marked, the liver large and tender. Both legs were 
swollen and pitted on pressure. The right arm was swollen and warm. The blood 
pressure was not obtainable. The heart rate was 172 and the pulse rate 46, mak- 
ing a pulse deficit of 126. The following superficial veins were palpable as firm, 
pencil-like structures which could not be compressed: the right external jugular, 
right axillary, and all those of the right arm. The right axillary vein was tender 
to pressure. The legs were warm and had a red, blotchy appearance. Wherever 
veins were palpable, they were hard and incompressible. The diagnoses were (a) 
extreme heart failure and (b) multiple thrombophlebitis. 

Eight cat units of digifolin were given intravenously. Within an hour the 
dyspnea was less pronounced, and the patient felt better. The heart rate was 140, 
the pulse rate 80, the pulse deficit 60. The pulse volume was good. 

Additional History. — There had been moderate dyspnea and orthopnea for four 
years, becoming more severe during the preceding two weeks. The past history 
was otherwise negative except for diphtheria in childhood. The only treatment 
prior to the time of admission was ‘ ‘ Christian Science. ’ ’ 

Course. — Next day, May 26, the patient was given 8 cat units of digitan by 
mouth. The electrocardiogram (Fig. 1, A) was taken that evening. It showed 
ventricular tachycardia with a heart rate of 180. For the next three days the 
patient received 2 cat units of digitan and 0.2 gm. of quinidine daily, the latter to 
test for idiosyncrasy. The ventricular tachycardia and pulse deficit persisted (Fig. 
1, B, C', and D; D was taken the morning of May 29). On May 29, 0.4 gm. of quini- 
dine was given at 11:15 a.m., 1:15 P.M., 3:15 r.M., and 5:15 p.m., making a total of 
1.6 gm. in six hours. Tracing E was taken in the evening; it showed numbers of 
nodal beats and a marked slowing of the heart. On May 30 the administration of 
quinidine in doses of 0.33 gm. three times a day was begun, with the result that 
normal sinus rhythm returned. Tracing F, taken May 31, and G, taken June 1, 
show this plainly. 

With the appearance of sinus rhythm the pulse rate fell to 100, with no deficit, 
and the patient's condition was greatly improved. Quinidine in doses of 0.33 gm. 
three times a day maintained sinus rhythm. On two occasions when quinidine was 
discontinued ventricular tachycardia returned, and, with it, all the original symp- 
toms. Each time quinidine in doses of 0.33 gm. three times daily restored sinus 
rhythm and brought about the same clinical improvement. 

From Second Medical Service of Dr. W. Laurence Wliittemore, and Pathological 
Laboratory, City Hospital, Department of Hospitals, Welfare Island, N. Y. 

Received for publication July 25, 1938. 
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Fig. 1. — Lead I. A , May 26 : after 8 cat units of digitalis, intravenously. Heart 
rate 180, radial pulse rate 40. B, May 27: digitalis, 8 cat units, total 1G cat units. 
Heart rate 180, pulse rate 80. G, May 28: digitalis, 2 cat units. D, May 29, morning: 
quinidine, 0.4 gm. 


„ * 1 i7r Le ?, d L y?V Maj ; 29 '. after 1.5 gm. of quinidine in divided doses. 

i ■ M ay 30 : after additional quinidine (1 gm.). Heart rate 100, pulse rate 100. G. 
June 1: quinidine, 0.3 gm. three times a day. No pulse deficit 
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During the remaining six weeks of her life the patient had a very difficult and 
eventful course. On four occasions she developed pain in the chest, fever, coughed 
up bloody, frothy sputum, and the lungs showed signs of consolidation. 

The edema of the legs and right arm was at no time improved by diuretics, de- 
spite good diuresis. It subsided slowly and steadily, and the previously hardened 
veins softened. 

On May 29 the left arm was painful, hot, and considerably swollen. These 
symptoms lasted for two weeks and then subsided slowly. On June 20, after a sharp 
temperature rise, two large abscesses of the back were drained. 

The next episode was pneumonia with fluid in the chest. Dyspnea increased and 
the chest had to be tapped. The pleural fluid, at first serosanguineous, later be- 
came purulent and yielded indifferent streptococci on culture. Paracentesis was 



Fig. 2. — Minute area of myocardial degeneration showing early necrosis of the fibers 
and infiltration by polynuclear cells. View from left ventricle. 

performed every three days. Soon the face and eyelids became swollen. At this 
time the plasma albumin was 1.7 per cent, the globulin 2.8 per cent, and the blood 
pressure 115/70. The urine contained leucocytes, erythrocytes, casts, and albumin 
(graded 2 plus). 

On July G the temperature continued to rise. The patient was irrational, incon- 
tinent, and icteric (icteric index 25). The pulse and respiratory rates increased, 
and on July 11 she died. 

Laboratory Studies . — The blood 'Wassermann and Kahn reactions were negative. 
On May 2G chemical examination of the blood showed nothing abnormal. On June 
2S the blood chlorides were 379 mg. per cent. On June 4 the bleeding time was 
three and one-lialf minutes and the clotting time four minutes. On June 1 the 
hemoglobin was GO per cent, the erythrocyte count 3,650,000, and the leucocyte 
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count 13,900. The differential leucocyte count showed 96 per cent polymorpho- 
nuclear neutrophiles (2 per cent of which were staff cells) and four per cent 
lymphocytes. 

Autopsy (No. 4962). — There was moderate post-mortem rigidity. The finger 
nails were cyanotic. There was a greenish discharge from the nostrils. There were 
large decubital ulcers of the sacrum and right hip. The subcutaneous fat and mus- 
cles were normal. The peritoneum was dry and the abdominal organs were in nor- 
mal position. The diaphragm was at the fourth right rib and fifth left interspace. 
Both external iliac veins contained ante-mortem gray-red adherent mural thrombi, 
extending down to the femoral rings and not completely occluding the lumina. 

Heart: Weight, 375 gm. The sac contained 100 c.c. of clear fluid. The heart 
was moderately dilated, the epicardial fat normal in amount. The right chambers 
were normal, the valves not remarkable. The left auricle was enlarged, the endo- 



Fig. 3. — Lesion of similar nature in auriculoventricular node. 


cardium thick, gray-wliite, and opaque. The mitral valve was stenotic, the cusps 
fused and leathery, the edges thick and rounded, the chordae tendineae short, thick- 
ened, and fused. Along the line of closure were several raised, soft, pinkish vegeta- 
tions 2 to 3 mm. in size. The left and posterior aortic cusps were fused on the 
ventricular surface; the other cusps were normal. The myocardium was soft, 
flabby, pale yellow-red, of poor consistency and unscarred. The coronary mouths 
and arteries were normal. 

Aorta: There was minimal atheroma, and the elasticity was well preserved. 

Lungs: The right pleural cavity contained 200 c.c. of a cloudy fluid. The lobes 
were adherent by fine fibrous bands. The pleura was smooth and shiny. On section 
the color was pink. Scattered throughout all lobes there were small gray raised 
areas, and a moderate amount of exudate was present in the bronchi. The arteries 
and veins were free of thrombi. The weight was S00 gm. 
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The left pleural sac contained 1500 c.c. of greenish pus. The lung was collapsed 
against the vertebral column and covered by a thick green fibrinous exudate. On 
section the lower lobe was diffusely involved by a gray consolidation with small 
necrotic foci scattered throughout. No thrombi were demonstrable. 

The bronchial lymph nodes were large, soft, and black. 

Liver: "Weight 1350 gm. It was moderately enlarged and soft. The gall blad- 
der and ducts were normal. 

Spleen: "Weight, 100 gm. It was very soft. The cut surface presented a muddy 
gray appearance and the pulp scraped very easily. 

Pancreas: Normal. 

Adrenals: There was marked post-mortem disintegration. 

Urinary System: The right kidney weighed 260 gm., the left 200 gm. In both 
kidneys there were several small cortical cysts and in the right there was a large 
subcapsular cyst measuring 5 cm. in diameter. The capsules stripped easily, leav- 
ing a smooth surface. The cortex appeared boiled, and the tissue markings were 
obscured. The pelvic mucosa was injected. The ureters and bladder were normal. 

Internal generative organs: Except for a sessile polyp of the endometrium, the 
organs were not remarkable. 

Gastrointestinal tract: Normal. 

Histologic Examination. — Heart: The manifestations of rheumatic disease were 
in the final stage. There were numerous perivascular scars at the base of both ven- 
tricles and very few in the upper interventricular wall. In the left auricle there was 
a densely fibrosed subendocardial areolar zone. The mitral valve showed dense 
hyaline fibrosis, an occasional small calcified focus near the free edge, a few vas- 
cularized areas, and a vascular base wedge moderately infiltrated by small round 
cells. The left auricular muscle was greatly hypertrophied; the right ventricular, 
moderately. 

The mitral valve showed a few fibrinous deposits on the auricular side. 

Minute scars not associated with the vascular tree and apparently nonrheuniatic 
in origin were found in the left ventricle. They were of all stages from well-vas- 
cularized connective tissue to dense hyaline scar. 

Minute foci of acute myocardial changes were present in moderate numbers in 
both ventricles, the interventricular wall, and the auriculoventricular node. They 
involved small nests or individual fibers, which were replaced by a granular cyto- 
plasmic mass invaded by polynuclear cells. In size and relationship to the vascular 
tree they resembled the small scars just described. 

The arteries, veins, and endocardium presented nothing of note. 

Lung: The lung was diffusely infiltrated by a fibrinopurulent exudate contain- 
ing many gram-positive diplococci. There were very many areas of acute necrosis 
in the left lower lobe, without hemorrhage. Thrombi were not seen. Hemosiderin- 
bearing phagocytes were present in large numbers. Carbon pigment was dense in 
the perivascular and peribronchial regions, particularly at the hilum. 

Liver: There were marked chronic passive engorgement and extensive fatty 
degeneration. The vessels were normal. 

Kidney: Normal. 

External Iliac Vein: Adherent to a portion of the wall was a young simple 
thrombus not undergoing organization. The wall, with the exception of destruc- 
tion of the intima beneath the thrombus, was normal. 

Anatomic Diagnosis . — Healed rheumatic myocarditis and valvulitis with mitral 
stenosis; acute myocardial focal degeneration; chronic passive congestion of lungs, 
liver, and spleen; acute bilateral pneumonia with empyema; anthracosis of lungs; 
acute cloudy swelling of liver and kidneys; decubital ulcers; multiple thrombophlebi- 
tis of superficial veins; bilateral thrombosis of external iliac veins. 
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REVIEW OF LITERATURE 

Barker, 1 in a recent article, lias given an excellent resume of the litera- 
ture on idiopathic thrombophlebitis which brings the subject up to the 
end of 1937. Up to and including 1935, twenty-two eases of this disease 
were recorded. For his study Barker selected seventy-nine out of 1,011 
cases of thrombophlebitis. These seventy-nine were chosen because they 
occurred in patients in whom no demonstrable etiological factor such as 
infectious disease, a surgical operation, heart disease, varicose veins, or 
trauma was present. Half of the patients had a single attack, while the 
other half had recurrent attacks ; one patient had had more than twenty 
episodes over a period of eighteen years. The veins involved included 
all the superficial veins of the body, arms, and legs. In 30 per cent of 
the recurrent cases there was pulmonary infarction, which was fatal in 
two cases. While no autopsy was obtained, Barker believed that the lung 
lesion was due to embolism from the veins of the extremities. Moorehead 
and Abrahamson, 2 in their series of four cases, reported lung involvement 
in two and thrombosis of the heart veins in one. Ryle 3 found in five 
eases one instance each of thrombosis of the lung veins and heart veins. 
Collier 4 and Ellison 0 record one ease of pulmonary vein thrombosis. 
Campbell and Morgan® reported involvement of the cerebral and cardiac 
veins in a man 26 years of age. This patient’s electrocardiogram showed 
rhythmic bigeminy. In Barber’s 7 case the cerebral veins were the first 
to be involved. Walker, 8 Douglas- Wilson and Miller, 9 and Powell 10 
reported a total of four cases, in all of which there was involvement of 
the superficial veins only. Harkavy’s 11 patient had phlebitis of the veins 
of the left leg and thigh, and ascites. Six months later the left thigh 
was again involved. D’Abreu’s 12 patient, a man of 52 years, had his 
initial thrombophlebitis in the left leg at 12 years of age. Then came 
later attacks at the ages of 43, 46, and 50. The terminal episode was 
gangrene of the right leg for which amputation was performed, following 
which the patient died. Autopsy revealed organized and canalized 
thrombi of the veins and arteries typical of thromboangiitis obliterans. 

Idiopathic thrombophlebitis is a relatively benign condition, so that 
necropsy data on it are few. In the 101 cases cited above there was but 
one autopsy (D’Abreu’s case). In eleven of Barker’s cases, Barker re- 
moved a portion of thrombosed vein. Careful cultures of these remained 
uniformly sterile. Histologically, the lumen of the vein was occluded by 
an organized thrombus, and the wall of the vein was markedly infiltrated 
by connective tissue cells, as was the perivenous tissue. The process was 
indistinguishable from thromboangiitis obliterans except by the degree 
of reaction. These are the histologic changes of an end or late stage, 
which may account for the negative bacteriologie results. Barker stated 
his belief that the disease is strictly one of the peripheral veins and that 
visceral involvement is rare or nonexistent. 
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DISCUSSION 

The patient of the present report was admitted to the hospital in ex- 
treme heart failure. She had thrombophlebitis of the following veins: 
right external jugular, right axillary, and all the superficial veins of the 
right arm and both legs. During her last seven weeks of life these 
cleared up slowly without residua. Pour days after admission there de- 
veloped a thrombophlebitis of all the superficial veins of the left arm 
which subsided after a course of two weeks. 

The past history was one of moderate heart failure for four years, be- 
coming severe during the two weeks before admission. 

The course was interesting because of the four attacks of pulmonary 
infarction and the peculiar cardiac arrhythmia. These observations 
brought up the question whether or not we were dealing with visceral 
thrombophlebitis, especially of the pulmonary and cardiac veins. In the 
102 cases of thrombophlebitis reported in the literature, pulmonary in- 
farctions occurred in about 30 per cent. In the present case, definite 
clinical manifestations of infarction were present on four occasions, al- 
though none were demonstrated at necropsy. The presence of throm- 
bosis of the iliac veins suggests that the emboli originated in the veins of 
the extremities. The absence of vascular disease in the lungs also sup- 
ports the idea that the process was embolic rather than thrombophlebitic. 

Thrombophlebitis of the coronary veins has been reported in a few 
instances. 2 ’ 3> 0 In each of these cases, however, the diagnosis was entirely 
clinical and was based on electrocardiographic evidence of peculiar ar- 
rhythmias. In the one autopsy case, that of D’Abreu, 12 the coronary 
veins were not affected. In the present instance also, the heart was en- 
tirely unaffected by thrombophlebitis. 

In the absence, then, of coronary thrombophlebitis, some other expla- 
nation must be sought for the persistent ventricular tachycardia. That 
the rheumatic disease was the etiological factor seems unlikely, since 
histologically there were only healed lesions with no evidence of activity, 
and the clinical course did not resemble that usually seen in congestive 
failure in a heart anatomically deformed by an old, inactive rheumatic 
process. There were present, however, widely distributed minute foci of 
myocardial necrosis in the ventricles and similar foci in the auriculo- 
ventricular node. It is recognized that damage to muscle, whether 
cardiac, voluntary, or involuntary, results in hyperirritability. Foci of 
potential irritability were found in this heart and, in addition, similar 
foci in the node governing ventricular contraction. The minute scars of 
different ages found in the ventricles corresponding in size and shape to 
the acute lesions suggests also that the process was a continuous one. Its 
duration would correspond to that of the persistent ventricular tachy- 
cardia, namely, the seven weeks the patient was under observation. The 
etiology of the lesion remains obscure. There is no evidence either to 
prove or disprove the presence of infectious or toxic factors. 
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The correlation between the clinical results obtained during the ad- 
ministration of digitalis and quinidine and the histologic changes in the 
myocardium yielded interesting and valuable information. This patient 
had a rare arrhythmia, ventricular tachycardia. In this state she was in 
extreme heart failure with a heart rate of 180 and an almost impercepti- 
ble radial pulse rate of 40. Full doses of digitalis improved the circula- 
tion, subjectively and objectively, without altering the rhythm, i.e., the 
dyspnea diminished and there was a marked improvement in the radial 
pulse; its rate rose to 80, it became stronger, and the pulse deficit de- 
creased. Quinidine effected a prompt and dramatic improvement in 
this patient’s circulation. One gram a day restored sinus rhythm at a 
rate of 100 and abolished the pulse deficit. On two occasions, when 
quinidine was discontinued, the original rhythm and circulatory failure 
returned. Each time quinidine again restored sinus rhythm and compen- 
sation. We were dealing, then, with a permanent ventricular tachy- 
cardia, controlled by quinidine, which makes this case rarer. It seems at 
first glance paradoxical that quinidine, a heart muscle depressant, could 
be used to increase the efficiency of the heart. It seems justifiable, how- 
ever, to conclude that the depressant action served to inhibit overactivitv 
from liyperirritable foci. The case shows clearly that we ought to use 
this remedy more often in properly selected cases. 


SUMMARY AND CONCLUSIONS 

1. A case of thrombophlebitis migrans with necropsy is presented. 

2. The thrombophlebitis was found to involve only the veins of the 
neck, arms, and legs. 

3. Phlebitis of the viscera was absent. 

4. Pulmonary episodes in such cases are undoubtedly due to emboli, 
and not to phlebitis of the pulmonary veins. 

5. A rare arrhythmia, permanent ventricular tachycardia, was not due 
to thrombophlebitis of the cardiac veins, but to another, coexisting lesion. 

6. From the therapeutic standpoint, the heart muscle stimulating ac- 
tion of digitalis and the effectiveness of quinidine in depressing hyperir- 
ritable heart muscle were demonstrated. 

7. Thrombophlebitis migrans is a relatively benign disease, without 
definite etiology and without visceral lesions. 
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VENTRICULAR EXTRASYSTOLES INDUCED BY ELECTRICAL 
STIMULATION OF THE EXPOSED HUMAN HEART ROTATED 
THIRTY DEGREES COUNTERCLOCKWISE ON ITS 
VERTICAL AXIS 

Clayton J. Lundy, M.D., Irving Treiger, M.D., and 
Richard Davison, M.D. 

Chicago, III. 

T HE recording 1 of ventricular extrasystoles induced by electrical 
stimulation of known sites in the exposed human heart has had a 
marked influence on our understanding of electrocardiography. Be- 
cause of this newer conception of the electrocardiographic configuration 
of ventricular extrasystoles, the classical conception of the electrocardio- 
graphic configuration of bundle branch bloek was reversed. 2 The im- 
portant basic work of Barker, Maeleod, and Alexander 1 has been partly 
confirmed. 3 ’ 4 > 5 A report of experiments which confirm previous ob- 
servations and add new information about this subject is herewith sub- 
mitted. 

REPORT OF CASE 

The patient (D. M.), a white woman 39 years of age, had had advanced pulmonary 
tuberculosis involving the left lung since 1930. Pneumothorax was attempted on 
the left side in July, 1934, but was discontinued because of adhesions. A three- 
stage left-sided thoracoplasty was done in April and June, 1934. 

Beginning in July, 1934, the patient complained of dyspnea upon exertion and 
of a pulling or pressure sensation around the heart. Cardiac physical examination 
after thoracoplasty was negative except for a systolic clicking sound heard at the 
apex of the heart and transmitted upward toward the base. This sound was heard 
only in the Standing position and disappeared when the patient was lying down 
It had not been heard previous to the thoracoplasty. The blood pressure was 110/7 6. 
The heart rate was 8S and the beat was regular. There were no other physical 
signs of cardiac embarrassment. 

The cardiac diagnosis was pleuropericardial adhesions, and on July 29, 1937, 
an operation was performed by Dr. Richard Davison. At the time of operation 
the heart was freely exposed on its anterior and left lateral surfaces. The heart 
was found to be rotated counterclockwise on its longitudinal axis approximately 30°. 
This position gave free access to the left ventricle. There were some pleuroperi- 
cardial adhesions which were severed. The pericardium was incised but no intra- 
pericardial adhesions were found. During the operation the condition of the pa- 
tient remained excellent. The exposed heart functioned in a normal manner. Re- 
covery was uneventful. 

Four accurately observed points on the surfaces of the ventricles were 
stimulated with single make and break shocks (make voltage 2.3 volts, 
break voltage S volts). The resulting ventricular extrasystoles were re- 
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corded electrocardiographically in Leads I and III taken simultaneously 
with two electrocardiographs (Fig. 1). The four points of electrical 
stimulation were : Point one, located on the anterior wall of the base of 
the left ventricle; point two, on the anterior lateral wall of the left 
ventricle near the apex; point three, in the base of the posterior wall of 
the right ventricle 1.5 cm. to the right of the septum and posterior 
descending branch of the left coronary artery; and point four, on the 
anterior wall of the right ventricle about midway between Marvin and 
0 lighter son ’s point A and Barker’s point six. 

Results of Stimulating Point One . — Point one was located on the an- 
terior wall of the left ventricle near the base, about 1.5 cm. to the left 
of Barker’s point one. Since the heart was rotated 30° in a counter- 
clockwise direction on its vertical axis, this means that what would have 
been normally the posterior lateral basal region of the left ventricle was, 
under these circumstances, the anterior lateral basal region of the left 
ventricle. It may he observed that the configuration of the electrocardio- 
gram from point one in this experiment has the same characteristics as 
that from Barker’s 1 point one, which was taken with the heart in the 
normal position from the anterior lateral basal region of the left ven- 
tricle, whereas that from Lundy’s point one (1L), 4 also taken from a 
heart in the normal position, has the opposite configuration in spite of 
the fact that the point coincides rather closely with point one stimulated 
in this experiment in which the heart is rotated 30° in a counterclock- 
wise direction. This latter observation, when compared with the results 
of stimulating point one under the conditions of this experiment, gives 
clinical confirmation of the work of recent observers 5-9 who have shown 
that rotation of the heart within the thoracic cavity produces a change 
in the configuration of the electrocardiogram. 

Results of Stimulating Point Two . — Point two was located on the 
anterior lateral wall of the left ventricle near the apex. Since the heart 
was rotated, this point corresponded to a point on the posterior lateral 
surface in a heart normally positioned. Point two was in the same 
region as Barker’s point twelve, Marvin and Oughterson’s 3 point B, and 
Lundy and Bacon’s 4 point two. It is seen that with rotation of the 
heart 30° in a counterclockwise direction on the vertical axis, the electro- 
cardiographic results are different. In our instance of point two the 
QRS complexes were divergent, with QRS in Lead I upright and QRS 
in Lead III inverted; while in the instance of point two of Marvin and 
Ougliterson, they were convergent; QRS in Lead I was inverted and 
QRS in Lead III upright. The relationship of our results to those ob- 
tained by Barker from point twelve is mentioned under the discussion 
of our point two A. 

It is important to observe that the results from stimulating points one 
and two support a previous experiment 10 in which the QRS deflections 
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Fig. 1. — Points 1 to 12: Barker, Macleod, Alexander. 

Points A and B: Marvin, Oughterson. 

Points 1 L and 2 L: Lundy, Bacon. 

Points I to IV : Arrows indicate points stimulated in these experiments. 


*11 and IIA same as Barker’s point 12, 
**2 h same as point B. 
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were opposite in direction in Leads I and III when derived from the 
base of the ventricles, in contradistinction to those derived from the 
apex. 

Point two A was located in the same site as point two. This extra- 
systole was produced with the heart rotated approximately 30° in a 
clockwise direction on its horizontal axis when viewed from the patient’s 
left side, in addition to the 30° counterclockwise rotation on its vertical 
axis, i.e., when the apex of the abnormally positioned heart rose up into 
the operative wound. It is to be observed that in this doubly, rotated 
position the extrasystolic QRS complex is inverted both in Leads I and 
III like that obtained by Barker from his point twelve, which is in a 
similar location to our point two. The important difference in the condi- 
tions of Barker’s and our experiment was that in Barker’s case the 
heart was not rotated, whereas in our case and under the circumstances 
of this second stimulation of point two, the heart was not only rotated 
30° counterclockwise on the vertical axis but was also rotated 30° in a 
clockwise direction upon the horizontal axis. This observation seems 
to show that the latter rotation caused QRS to become inverted in 
Lead I when the extrasystole arose at point two. Another important 
fact revealed by these sets of circumstances is that rotation about the 
horizontal axis influenced the extrasystole in Lead I and the usual 
electrocardiogram in Lead III. A suitable explanation for this fact 
might be that the pathway followed by the summation of electrical events 
which take place when an extrasystole arises at the apex of the left 
ventricle is in approximately the opposite direction to that taken when 
the excitation wave travels over the normal pathway. 

Of course it must be admitted that there was considerable difficulty 
in keeping the electrode on exactly the same point with the heart beat- 
ing, and still more so when the apex rotated temporarily into the opera- 
tive wound. There was not so much difficulty encountered when the 
base was stimulated. However, it must be asserted that within reason- 
able limits our points were accurately located, since in both instances the 
same results were observed twice. 

Results of Stimulating Point Three . — Point three was located on the 
base of the posterior wall of the right ventricle 1.5 cm. to the right of 
the septum and posterior descending branch of the left coronary artery. 
So far as we know this is the first time that this area has been stimulated 
in the exposed human heart. One may question these results because the 
first extrasystole was not produced by electrical stimulation, since there 
is no mark to indicate that such was the base, and because the second 
extrasystole would have happened regardless of the presence or absence 
of electrical stimulation. It is also true that pairs of spontaneously oc- 
curring extrasystoles arose even without mechanical stimulation in other 
instances during these experiments. However, it will be noted that the 
elapsed time between stimulation and ventricular response varied con- 
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siderably in our experiment; this is true in all eases reported in the 
literature, and, since it is possible for immediate response to take place, 
it is our feeling that this is a true ventricular extrasystole produced by 
electrical stimulation of the posterior basal region of the right ventricle. 
Furthermore, we should like to point out the similarity of mechanically 
and electrically induced ventricular extrasystoles when initiated from 
approximately the same areas. Two examples occur, in that Fossier’s 
points five and six are practically identical with Barker’s 1 points eight 
and two. 

Results of Stimulating Point Four . — Point four was located on the 
anterior wall of the right ventricle near the apex, about midway between 
Marvin and Oughterson’s point A and Barker’s point six. Our result 
further confirms their observations. It is of great interest that in spite 
of the rotation of the heart, stimulation of this region of the right 
ventricle gave a ventricular extrasystole with the same configuration 
as those elicited from the same region of the right ventricle when the 
heart was in normal position. In this connection it is also important 
to recall that in Barker’s work the configuration of extrasystoles from 
six different sites in a large area on the anterior surface of the right 
ventricle had similar configurations. In the left ventricle the configura- 
tion of extrasystoles from closely adjacent regions gave different con- 
figurations. With these facts in mind one would not expect rotation 
of the heart to influence the configuration of extrasystoles unless the 
amount of rotation were greater than the arc of a circle corresponding 
to the areas stimulated by Barker. Thus it would be expected that rota- 
tion of a few degrees would not influence the configuration of extra- 
systoles originating on the anterior surface of the right ventricle, 
whereas one would expect a change in configuration in extrasystoles aris- 
ing from the left ventricle. The results of stimulation of points three 
and four on the right ventricle (in the presence of 30° rotation to the 
left on the horizontal axis), which were similar to those obtained by 
stimulating points one and two, show that the electrical axis of ventricu- 
lar extrasystoles starting from the base of the right ventricle posteriorly 
is opposite to that of beats produced by electrical stimulation of a 
region near the apex of the anterior wall of the right ventricle. 

DISCUSSION 

It should be stated that a comparison of the electrocardiograms taken 
before operation and during the experiment failed to show any change 
in the QRS deflection in Lead I. In Lead III, in the instance of points 
one and two, QRS was more diphasic than in the control electrocardio- 
gram, whereas the complex from point three was practically the same as 
the control before the stimulation, and inverted after the stimulation. 
Both before and after point four was stimulated, QRS in Lead III was 
inverted. This shifting of the QRS complex in Lead III was associated 



90 


THE AMERICAN HEART JOURNAL 


with rotation of the cardiac apex up into the operative incision; the 
heart rotated about 30° on its horizontal axis at times during spells of 
rapid heart action (also during one short spell of paroxysmal ventricular 
tachycardia) and after the long pause following some extrasystoles, e.g., 
after stimulation of point three. In open-chest operations on dogs, as 
well as in humans, the heart likewise rotates about these two axes; this 
is independent of the individual heartbeat, but is probably related to 
the heart rate. We attribute the behavior to an increase in the amount 
of blood contained within the heart chambers at the end of the long- 
pause following extrasystole, or to the accumulation of blood within 
the ventricular chambers due to inefficient emptying during tachycardia. 
We feel that in the case of point three this rotation of the heart on its 
horizontal axis occurred during the long pause following the extrasystole, 
and therefore did not complicate the electrocardiogram which was the 
result of stimulating that point, since the blood accumulation would take 
place after the extrasystole occurred. It might be repeated here that it 
is probably true that even if the heart had rotated up into the wound at 
the time the right ventricle was stimulated at point four, this amount of 
rotation would not have changed the configuration of the resultant 
electrocardiographic tracing. Upon study of the results of stimulation 
of these four points it is of interest to note that when only Leads I and 
III arc observed, even though they are observed simultaneously, stimula- 
tion of point one gives a tracing which is indistinguishable from that 
obtained from point three, although the former originated in the left 
ventricle and the latter in the right ventricle; the only factor which they 
have in common is that they arose near the base of the ventricles, al- 
though this was from points at least six centimeters apart and separated 
by the septum. Similarly, point two cannot be distinguished eleetro- 
cardiographically from point four, although they are located in the left 
and right ventricles, respectively. The only factor they have in common 
is that they were at about the same level near the apex of the heart. 
These observations tend to indicate that the site of origin of a ventricular 
extrasystole determines the configuration of the electrocardiogram ac- 
cording to its position in relation to the base or apex of the heart, not 
according to its location in one or the other ventricle. Likewise, in these 
observations it is shown that changing the point of stimulation from 
left to right on the ventricular surfaces does not determine the configura- 
tion of the electrocardiogram, since points one and two, respectively, are 
considerably to the left of points three and four, respectively, and yet 
the configurations are the same in the curves from points one and three 
as they are in those from points two and four. 
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A STUDY OP THE TRANSVERSE DIAMETER OF THE HEART 
SILHOUETTE WITH PREDICTION TABLE BASED 

ON THE TELEOROENTGENOGRAM*' ' ' ' 

Harry E. Ungerleider, M.D.,f and Charles P. Clark, M.D.i 

New York, N. Y r . 

S INCE Hodges and Eyster 1 described their formula for the estima- 
tion of the transverse cardiac diameter in man, many observers, 
notably Bainton 2 in America and Bedford and Treadgold 3 in England, 
have endorsed the transverse cardiac diameter as the most reliable 
index of heart size for all practical purposes. Many organizations, 
such as the New York Heart Association, 4 the American Heart Asso- 
ciation, 5 and the Association of Life Insurance Medical Directors, 6 
have similarly given their endorsements of this measurement of heart 
size. The original work of Hodges and Eyster was done on ortho- 
diagrams, and many observers felt that with a simple correction the 
table could be adapted to teleoroentgenograms. 

Dietlen, 7 Hammer, 8 and others have found an overestimation of 1 
to 2.5 cm. in the transverse diameters of the heart on teleoroentgeno- 
grams when compared with those obtained by the orthodiagram. 

Bedford and Treadgold suggest that teleoroentgenogram measure- 
ments should not be compared with orthodiagram measurements but 
that a different standard of normal size should be used for the method. 
Although they prefer the orthodiagram, claiming that the error in 
teleoroentgenography arises from difficulty in centering the patient 
accurately with reference to the film, in centering the tube accurately 
in relation to the heart, and in obtaining records always in the same 
phase of respiration, we have not encountered any such difficulty. On 
the contrary, we find it easier to train technicians to center the patient 
and tube and to take the films in midinspiration than to train physi- 
cians to make accurate orthodiagrams. 

As a matter of fact, moving the tube either upward or downward 
or to the right or left a distance of 2% inches makes very little differ- 
ence in the final result with the teleoroentgenogram. 

Our technique for making teleoroentgenograms is very simple. The 
standing position is used ; the patient is placed directly in front of the 
plate holder, with his chin resting on its upper part. The dorsum of 
his hands are placed over his hips, which brings the scapulae away 

•Read before the Association of Life Insurance Medical Directors of America, 
Oct. 20, 1938. 
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from the thoracic cage and aligns his shoulders with the top of the 
plate holder. The tube is 6 feet from the subject, and the target is 
centered upon the spine at the level of the angle of the scapula. The 
exposure is made in one-thirtietli of a second, and the voltage is 
varied with the thickness of the chest. Care is always taken to see 
that the patient’s face is turned neither to the left nor to the right, 
and emphasis is especially placed on having the ventral surface of the 
patient firmly opposed to the cassette or plate holder. 

Since life insurance companies have adopted for general use the 
teleoroentgenogram in preference to the orthodiagram because the 
former also gives evidence of pulmonary disease if it is present, we 
have been experiencing increasing difficulty in applying the H'odges- 
Eyster formula. We have felt that our efforts to adapt this formula 
to teleoroentgenograms gave results which were not entirely consist- 
ent. Medical directors of other companies have had the same experi- 
ence, and simultaneous applications for insurance to different com- 
panies have resulted in the issuance of policies with different premium 
ratings when identical films were furnished to all the companies con- 


cerned. 

We have felt that the suggestion of Bedford and Treadgold was a 
good one — that new critei’ia, based on teleoroentgenograms, be estab- 
lished. 


the chest and abdomen vary with the index 


In a previous study, 9 one of us reported that the circumferences of 

body weight _ w 
height ’ 01 h 

In another study, 10 it was suggested that a similar relationship 

might exist between the transverse diameter of the heart and the index 
w 

k*. Consequently, we felt that, since our applicants comprise a fairly 

representative sample of the population, including persons of all 
builds, ages, occupations, and social spheres, a study of their roent- 
genograms by means of this index would be desirable. 


In the present study of the transverse diameter of the heart silhouette, 
we found that a similar relationship does actually exist between this 

diameter and the index ~ . 

h 

We have included in this study only the records of cases in which 
the systolic blood pressures fell between 110 and 145 mm. Hg and the 
diastolic pressures between 60 and 100 mm. Hg — a total of 1,460 cases. 
It is pertinent at this point to state that all the teleoroentgenograms 
used in this study xvere made under identical conditions in the Diag- 
nostic Laboratory of the Equitable Life Assurance Society, according 
to the technique described above. We first determined for each sub- 
ject, the height-weight index, — * — . The cards were then sorted 
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by indexes and for eaeb index group the average transverse diameter 
of tlie heart was computed. The findings of this study are recorded in 

Table I. In column A the index — is given; in column B, the 

number of eases falling within each index ; and in column C, the aver- 
age transverse diameter for each index. 


Table I 

A Study of 14G0 Teleoroentgenograms 

(Includes Only Cases in Which the Systolic Blood Pressure Banged Between 
110 AND 145 MM. Hg. AND THE DIASTOLIC BETWEEN 60 AND 100 Mil. HG.) 


A 

INDEX 

W X 10 

H 

B 

CASES 

c 

AVERAGE 

T.D. 

HEART 

(CM.) 

15 

1 

10.4 

16 

4 

10.8 

17 

12 

11.0 

IS 

32 

11.7 

19 

61 

11.8 

20 

S8 

12.3 

21 

118 

12.3 

22 

179 

12.8 

23 

188 

13.1 

24 

198 

13.3 

25 

142 

13.7 

26 

159 

14.0 

27 

97 

14.0 

2S 

75 

14.2 

29 

3S 

14.5 

30 

2S 

14.7 

31 

24 

15.1 

32 

6 

14.9 

33 

7 

15.0 

34 

1 

13.8 

35 

2 

14.4 


Total 1,460 

(Average for all 
cases 13.277 cm.) 


We have plotted Chart 1 with each index and corresponding average 
transverse diameter indicated by a cross. (The height-weight index 
average was carried to the first decimal point. This explains the posi- 
tion of the crosses in our graph, which, as will be noted, do not fall 
exactly on the index as given in Table I.) 

The shape of the curve indicated by the jioints plotted in Chart 1 is 
a parabola with the axis vertical. It occurred to us, therefore, that 

possibly the function -j^r, in which “w” represents the body weight, 

“h” body height, and “d,” the transverse diameter of the heart, might 
be constant, and a. simple calculation indicated that, as a matter of fact, 
the value of this function is constant and is approximately 14.0 for all 
values of the index. 
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Chart 1. 



Table H 

Theoretical Transverse Diameters of Heart Silhouette for Table for Determining tiie Per Cent 

Various Heights and Weights Deviation from Average 
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It appears, therefore, that a satisfactory evaluation of the crude data 
will be obtained by assuming the stated function to be constant. The 
actual value of the constant was determined in the following way: 

Average weight = 165.83 pounds 

Average height == 68.04 inches 

Average diameter = 132.77 mm. 


(In order to obtain a constant with two digits, we multiplied the 
weight by 100,000.) 

Our constant is, therefore, 

w x 100,000 165.83 x 100,000 0 

h(d) 2 68.04 (132.77)2 ~ 

If men of different weights and heights were built in proportion to 
perfect cylinders, tables for all body circumferences and diameters 
could be constructed by the use of constants, e.g., 


For diameters, C = 

or for circumferences, C = 


w 

hcF 

w 


lie 2 


In a previous study, one of us found that the chest circumferences 
almost follow such constants, but the abdominal circumferences do 
not because of the fact that these circumferences are much affected 
by the amount of adipose tissue present. Therefore, our table for 
chest and abdominal circumferences was constructed by using the 

. AY 

index — in the manner shown in our original paper. 

We have found, however, that the heart diameter so closely follows 
a constant, as is shown later, that such a constant can be used in the 
development of a table for heart diameters. On the other hand, the 
internal chest diameters do not follow such a constant, but more 

nearly follow a constant — Therein lies the chief fallacy in at- 

hd- 

tempting to correlate heart diameters with the internal diameters of 


the chest. 


With this value for our constant, we next proceeded to compute for 
each index included in Chart 1 the theoretical transverse diameter. 
These values are indicated by dots and connected by a solid line. It 
is evident that the curve thus produced represents a satisfactory 
graduation of the original data, and the constant thus found was ac- 
cordingly adopted as suitable for the development of a table of stand- 
ard diameters for all heights and weights. 

By the use of this constant we next developed Table II, which gives 
the theoretical transverse diameters in millimeters for heights 5 ft- 
0 in., to 6 ft. 6 in., inclusive, and for the weights commonly found for 
each height. It should be noted that in the original group of subjects 
the heights were taken in shoes, and the weights included all clothing 
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except coat and vest. The directions for use of the table are simple. 
Find in the table the height column corresponding to the height of 
the individual under consideration. Below, in that column, find the 
nearest weight. To the left on that line will he found in the first 
column the theoretical transverse diameter of the heart silhouette. 

Our first problem in testing this table was to determine how closely 
the theoretical diameters corresponded at all points with the actual 
diameters found in the original material. In general, it may he stated 
that short men — those under the height of 68 inches — were found on 
the average to have diameters 1 to 2 mm. greater, and tall men — those 
over the height of 68 inches — 1 to 2 mm. less than the theoretical. At 
no point in the table, however, does it appear that the deviation of 
actual from theoretical will average more than 1 or 2 per cent. We 
concluded, therefore, that it was unnecessary to make any correction 
for height. 

The next problem was to determine whether, in the use of the table, 
any correction need be made for age. In Table III are recorded the 
results of this study. In column A, we find the age groups; in column 
B, the number of cases falling into each group ; in column C, the total 
deviations (plus or minus, recorded separately) of actual transverse 
diameters from the predicted given in Table II ; in column D, the dif- 
ference between plus and minus deviations in column C; and in 
column E, those differences divided by the number of cases in the 
respective groups shown in column B. 


Table III 

Effect of Age on Transverse Diameter of Heart 


A 

AGE (YE.) 

B 

CASES 

c 

DEVIATIONS 

(MM.) 

+ ' 

D 

DIFFERENCE 

BETWEEN 

+ AND - IN 
COL. C (MM.) 

E 

CORRECTION 
FOR AGE (MM.) 

15-29 

123 

514 

501 

+ 13 

+0.1 

30-39 

293 

1,185 

1,294 

-109 

-0.4 

40-49 

571 

2,544 

2,261 

+283 

+0.5 

50-59 

35S 

2,118 

1,441 

+677 

+1.9 

00-70 

115 

GG1 

510 

+151 

+1.3 

Total 

1,460 






It is obvious that no correction need be made for ages between 15 
and 50 years. At later ages, the deviation from the theoretical is very 
slight, calling for only (approximately) a 1 per cent correction of the 
theoretical given in the table. Furthermore, such deviation as is 
shown in the above study (Table III) is probably the result of actual 
abnormality in a few cases included in the original material. It does 
not, therefore, appear necessary to make any correction for age. 

Table IV gives the results of a study of the effect of blood pressure 
on the transverse diameter of the heart. This study was made on a 
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group of 2,192 subjects, all applicants for life insurance, but not neces- 
sarily accepted as insurance risks. In column A are noted tbe various 
blood pressure groups; in column B, the number of cases falling 
within each group ; in column C, the total deviations (plus or minus, 
recorded separately) of actual transverse diameters from the pre- 
dicted given in Table II ; in column D, the difference between plus and 
minus deviations in column C; and in column E, those differences 
divided by the number of eases in the respective groups shown in 
column B. 

Table IY 

Effect of Blood Pressure on Transverse Diameter of Heart (2,192 Cases) 


a B 

systolic blood number 

PRESSURE (MM.) OF CASES 


C 

DEVIATIONS 

(MM.) 

+ 


109 and 


D 

DIFFERENCE 
BETWEEN 
+ AND - 
IN COL. C 
(MM.) 


E 

DIFFERENCE IN 
COL. D DIVIDED 
BY CASES IN 
COL. B (MM.) 


under 

S2 

396 

366 

+ 30 

+0.4 

110-119 

300 

1,403 

1,241 

+162 

+0.5 

120-129 

456 

1,826 

2,061 

-235 

-0.5 

130-139 

437 

2,255 

1,S29 

+426 

+1.0 

140-149 

390 

2,230 

1,353 

+S77 

+2.2 

150-159 

267 

1,462 

890 

+572 

+2.1 

160-169 

174 

1,146 

50S 

+63S 

+3.7 

170-200 

S6 

642 

167 

+475 

+5.5 


Total 2,192 


When the systolic blood pressure is below 130 mm. Ilg the trans- 
verse cardiac diameter is normal. Above that level there is a slight 
though definite indication of increasing hypertrophy with increasing 
hypertension. It is worth noting, however, that this increase in the 
transverse diameter would not be noted by percussion, an observation 
made many years ago by Janeway in the study of essential hyper- 
tension. 

As a final study of the original material we are including Chart 2, 
which pictures the distribution curve based on deviation by per cent 
of actual from theoretical diameters. The smoothed curve was kindly 
developed from the rough figures by Mr. Harry Jones and his assist- 
ants in the Mathematical Department of the Mutual Benefit Life In- 
surance Company. 

With the idea that it might be helpful in determining at a glance 
the approximate percentage deviation of the actual from the theo- 
retical transverse diameter, we have added to Table II a separate 
table showing the plus and minus deviations from the theoretical 
given in column 1 of the table. For example, if it is determined that, 
for the height and weight given, the theoretical diameter is 120 mm. 
and the actual is found to be 150 mm., one can consult the special 
table, and find the number 120 in the column giving 0 per cent devia- 
tion. In this line the number 150 is found in the column indicating 
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plus 25 per cent. Accordingly, the applicant's transverse diameter is 
25 per cent over the predicted. The percentage of deviation for any 
diameter which does not fall within the columns represented can he 



approximated by reference to the two columns between which the 
observed falls. 

It has generally been assumed that for the purpose of life insurance 
selection any heart diameter more than 10 per cent greater than the 


Percentage Deviations. 
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average is to be regarded as indicative of hypertrophy of the heart. 
Pending future investigation of the actual effect on mortality of the 
deviation from average of the transverse diameter, it probably would 
be well in general to adhere to this figure. Nevertheless, we feel that 
judgment should be used in life insurance selection, since it is very 
certain that some hearts whose diameters are above 10 per cent of the 
expected are normal, just as others in which the heart diameter is dis- 
tinctly less than tlie 10 per cent figure allowed are actually hyper- 
trophied. 

SUMMARY 

A table was devised for obtaining the predicted transverse diameter 
of the heart silhouette based on the teleoroentgenogram. 

The table is so constructed that it was found to be unnecessary to 
make any correction for excessive or subnormal height, or for age. 

It would appear that when the systolic blood pressure is below 130 
mm. the transverse diameter of the heart is normal. Above that level 
there is a slight or definite indication of increasing hypertrophy with 
increasing hypertension. 

It is our opinion that, for the present, the predicted transverse 
diameter, plus 10 per cent, might be considered as the usual upper 
limit for the normal heart. 
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THE EARLY RISE OF BLOOD PRESSURE IN CORONARY 

THROMBOSIS* 

Morris M. Weiss, M.D. 

Louisville, Ky. 

T HE fall in blood pressure, both systolic and diastolic, which usually 
accompanies a coronary artery occlusion is one of the striking mani- 
festations of the altered hemodynamics. This decrease in pressure is 
commonly mentioned as the most important of the criteria for differen- 
tiating it from an attack of angina pectoris, during which the blood 
pressure is frequently increased. While it has been observed that the 
pressure may not materially change during and after coronary occlu- 
sion, it is not sufficiently appreciated that the blood pressure may be 
higher than usual during the early painful phase of the attack. Thus, 
if a patient is seen in a prolonged attack of substernal pain with the 
blood pressure higher than it was when the patient was free of pain, 
a diagnosis of angina pectoris is often made and corresponding treat- 
ment administered. 

A review of the literature reveals a paucity of observations as to the 
early rise of the blood pressure in coronary occlusion. Wood and Wol- 
ferth 1 anticipated the subject when they said: “The possibility pre- 
sents itself that coronary occlusion produces an immediate rise of blood 
pressure in many cases, giving place to a subsequent fall at the time 
when these cases are usually seen by physicians. This explains the cur- 
rent belief that coronary occlusion and a drop in blood pressure are in- 
separable phenomena.” They refer to a case of coronary occlusion re- 
ported by Fitz , 2 in which there was an accompanying rise of blood pres- 
sure. Barker 3 states that the blood pressure in coronary thrombosis 
usually falls considerably within a few hours, though a brief initial 
rise may be observed. 

The following case reports of coronary occlusion are illustrative of 
the frequent observation that an increase in blood pressure may occur 
soon after the onset of the occlusion. 

REPORT OF CASES 

T. W., a white woman 64 years old, had known for fifteen years that she had 
high blood pressure. After a coronary occlusion in January, 1935, her blood pres- 
sure, which had been as high as 200/110, ranged between 160/90 and 1S0/100. On 

‘From the Department of Medicine, University of Louisville. 
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July 19, 1935, slie was seen in an attack of coronary occlusion, the pain of which had 
lasted two hours. The blood pressure was 17 6/94. Despite opiates the pain gradually 
became worse, and one hour later the pressure was 190/110. The next morning she 
was free of pain and the pressure was 126/70. During the succeeding weeks it was 
as low as 90/60. In the following year the blood pressure ranged from 136/80 to 
172/90. On July 22, 1936, she had another coronary occlusion. The pressure, half 
an hour after the onset of pain, was 146/92. The pain became very severe and the 
pressure rose to 170/100. Four hours later, when no pain was present, the pressure 
was 116/68. During the next sixteen months her blood pressure was as low as 
86/56 and as high as 150/90. On Nov. 22, 1937, she had still another occlusion. 
When seen at the height of the pain, two hours after the onset, the pressure was 
180/100. Three hours later she had no pain and the pressure was 100/60. Thirty 
minutes later she died suddenly. 

M. A., a white man 58 years old, had known for one year that his blood pressure 
was high. For six months he had been having attacks of angina pectoris, which 
was the reason he came to the hospital. During the evening of the eighteenth day 
after entering the hospital he had a coronary occlusion. On the morning of the 
attack his blood pressure was 164/104. He was seen fifteen minutes after the onset 
of the painful features of the occlusion, at which time the pressure was 210/112. 
Five minutes later it was 230/120. One hour later the pain had been relieved and 
the pressure was 176/112. The next day it was 150/104, but two days later it was 
112/66. Convalescence was uneventful. 

J. S., a white man 45 years old, whose blood pressure had always been within 
normal limits, was hospitalized because of attacks of angina pectoris occurring at 
rest. Three days after admission to the hospital he had a coronary occlusion. The 
blood pressure the previous day was 126/80. He was seen one hour after the onset 
of the pain. The blood pressure was now 150/100. Thirty minutes .later, when he 
was free of pain and was quiet, the pressure was 116/SO. He made an uneventful 
recovery. 

DISCUSSION 

If the blood pressure increases as a result of coronary occlusion, it 
does so during the early painful stages of the attack. At this time the 
patient is restless, anxious, conscious of his suffering, possibly fearful 
of death. These mental aspects, along with the pain and oppression 
of the occlusion, probably initiate pressor reflexes which eause the rise 
of the pressure. Pain alone is not responsible, for I have seen patients 
who died in a state of anginosis with a rapidly falling blood pressure. 
It is also probable that a temporary compensatory increase in peripheral 
vascular resistance occurs at the onset of a coronary occlusion as it does 
in an attack of left ventricular failure or in shock, elements of both 
of which are usually present in a coronary occlusion. However, in none 
of the cases cited above and in the majority of other cases of coronary 
occlusion in which we have observed an early rise in pressure were 
there clinical signs of paroxysmal dyspnea, acute pulmonary stasis, or 
pulmonary hypertension. Fishberg 4 believes that shock or peripheral 
circulatory failure predominates in the first days of coronary throm- 
bosis in individuals who have previously had slight or no symptoms of 
cardiac insufficiency. He comments on the observation that in the 
initial stage of traumatic shock the arterial pressure may rise, as a 
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consequence of arteriolar constriction in the extremities, before the fall. 
Mendlowitz, et al., 5 found, in closed chest experiments following sudden 
ligation of the anterior descending branch of the left coronary artery 
in dogs, relatively insignificant immediate changes in the pressure. 
They thought this suggested that, for at least a short period following 
the coronary occlusion, a peripheral vasoconstriction occurred to com- 
pensate for the coincident diminution in cardiac output. 

CONCLUSION 

The blood pressure frequently rises during the early painful stages 
of coronary occlusion. This should not be confused with the increase 
in pressure which often accompanies an attack of angina pectoris. 
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SPONTANEOUS RUPTURE OP A PAPILLARY MUSCLE 

OP THE HEART 

Report of Case"' 

V. Moragues, M.D. 

St. Louis, Mo. 

T HE spontaneous rupture of a papillary muscle of the heart is so rare 
that it has been referred to as a medical curiosity. 1 Many boohs on 
cardiology do not mention it. As pointed out by Stevenson and Turner, 2 
there were two cases in 6,000 autopsies at the Baltimore City Hospital, 
none in 14,000 autopsies at the Johns Hopkins Hospital, and none in 
2,000 autopsies at the Universitj' of Maryland Hospital. The present is 
the only case in 3,400 autopsies at the St. Louis University group of 
hospitals. 

A review of the literature shows that only twenty-one cases have been 
reported. In 1935 Stevenson and Turner 2 reported one case and reviewed 
the literature up to that time. Nineteen cases had been reported and 
could be classified as follows : two cases of ruptured papillary muscle in 
the right ventricle, one case in which both papillary muscles in the left 
ventricle were broken, ten cases in which the left posterior papillary 
muscle was broken, and two cases in which the left anterior papillary 
muscle was broken ; in four cases it was not stated which muscle was rup- 
tured. In the case of Stevenson and Turner an anterior papillary muscle 
of the left ventricle was broken. In 1937 Payne and Hardy 3 reported a 
case of traumatic rupture of both papillary muscles in the left ventricle. 
Ours is another case of broken anterior papillary muscle of the left 
ventricle, the fourth to be published. 

In most of the cases the rupture was caused by atherosclerosis of the 
coronary arteries with thrombosis and infarction of the myocardium. 
One resulted from syphilis, 4 one in the right ventricle from tuberculosis, 
another in the right ventricle from puerperal sepsis, and one from 
trauma. 3 Traumatic rupture of a papillary muscle is rather rare, al- 
though somewhat more frequent than spontaneous rupture. Some papers 
on traumas of the heart 3 do not include this condition. 

The clinical picture in most of the cases is that of acute coronary 
thrombosis, and, when the muscle breaks, acute mitral insufficiency with 
pulmonary edema. In no case has the diagnosis of broken papillary 
muscle been made during life, but in the case of 'SYankel® the acute mitral 
insufficiency was recognized clinically. In our records there is a case in 
which the diagnosis of traumatic rupture of the chordae tendineac of 

•From the Deportment of Pathology, St. Louis University School of Medicine. 
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the mitral valve was made by Dr. R. A. Jvinsella about a year before 
death. The autopsy verified the diagnosis. The present discussion, how- 
ever, is limited to rupture of the papillary muscles. In several cases a 
loud systolic murmur was heard at the apex of the heart, while in other 
eases it was a to-and-fro whistling murmur. In a few of the cases the 
patient stated that something had torn in his chest or heart. Most of the 
patients died suddenly, but a few survived for several months after the 
rupture. 

Fig:. 1. 



Fig. 2. 

Fig- 1. — Broken anterior papillary muscle of the left ventricle. Fibrosis of myo- 
cardium. 

Fig. 2. — Broken anterior papillary muscle of the left ventricle. Marked athero- 
sclerosis of aorta. 


CASE REPORT 

A. S., a 52-year-old white man, had been known to have hypertension for at least 
ten years, the systolic blood pressure oscillating between 200 and 210. No signs of 
heart failure had been presented, nor had any murmurs been heard on ascultation. 
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The patient had drunk some beer the day before his death. On the day of his 
death he lapsed suddenly into unconsciousness after lunch and was seized with con- 
vulsions. When he recovered consciousness he complained of fullness in his chest, 


Fig:. 3. 


Fig. 4. 


Fig. 5. 


Fig. 3. — Marked fibrosis and necrosis of myocardium (Mallory stain). 

Fig. 4. — Extreme atherosclerosis of aorta (hematoxylin and cosin). 

Fig. f>. — Edema of the lungs, alveoli filled up with albuminous fluid, many heart- 
failure cells. 


mainly in the precordial region, lie remarked that his lungs were fdling up and 
that he could not breathe. He was taken to the hospital, but died on the way. 
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Autopsy Findings . — The body was that of a well-developed and well-nourished 
white man approximately 50 years of age. The lips were markedly cyanotic. The 
jugular veins were very prominent and much engorged. The chest was broad and 
symmetrical. A very slight degree of edema was present over the ankles and the 
inner aspects of both thighs. There were about 50 c.c. of a thin, yellowish fluid in 
the right pleural cavity. 

The heart was moderately enlarged, mainly due to enlargement of the left ven- 
tricle. The epicardium was quite smooth, thin, and intact. On examination of the 
heart before dissection, a soft area was found on the anterior wall of the left ven- 
tricle. On cut section this soft area was pale and thin, and was surrounded by an 
area of marked fibrosis. The anterior papillary muscle of the left ventricle was 
broken at a point about two-thirds of the distance from its origin to the point of 
insertion of the chordae tendineae. The torn edges were ragged and necrotic (Fig. 
1). The base of this papillary muscle was in the center of the softened area men- 
tioned above. The leaflet of the mitral valve normally attached to this muscle was 
freely movable in both directions and the valve must have been markedly incom- 
petent. There was a marked degree of atherosclerosis in the proximal part of the 
aorta, mainly around the coronary openings (Fig. 2). The coronary arteries were 
tortuous, thick, and sclerotic; the anterior descending branch of the left coronary 
was completely occluded by an organizing thrombus. 

The lungs showed an extreme degree of edema, were distended, and were heavier 
than normal. On cut section a large amount of serous, frothy fluid oozed from the 
parenchyma and the bronchi. Hypostatic congestion was also present. Both lungs 
were markedly anthracotic. The remaining viscera showed nothing but edema and 
congestion. 

Microscopic Examination . — Sections of the heart taken from the infarcted area 
showed marked fragmentation and segmentation of the muscle fibers with some 
necrosis, lack of striation, pronounced fibrosis, and some areas of hemorrhage. The 
intima of the coronary vessels was markedly thickened with fibrous tissue. The 
aorta showed extreme thickening of the intima with fibrous tissue and deposits of 
lipoid material (Fig. 4). The media showed some edema, necrosis, and infiltration 
with lymphocytes and monocytes. The lungs presented very marked edema, an 
albuminous fluid filling most of the alveoli. There was also considerable congestion 
throughout the section, with many pigment-loaded phagocytes (heart-failure cells) 
(Fig. 5). A moderate amount of anthracotic pigment was present. 

DISCUSSION 

The interpretation of this ease is rather simple. The sequence was: 
atherosclerosis of the coronary arteries with thrombosis of the descend- 
ing branch of the left coronary, infarction of the anterior wall of the left 
ventricle, spontaneous rupture of the anterior papillary muscle of the 
left ventricle causing sudden insufficiency of the mitral valve, and acute 
pulmonary edema. 

The cause of this acute pulmonary edema, we believe, is mechanical, 
and is due to the acute mitral insufficiency. Prior to this there had un- 
doubtedly been weakening of the left ventricular muscle due to the in- 
farction of the anterior wall of the ventricle. 

It is well known that acute pulmonary edema can be produced experi- 
mentally in dogs and rabbits by ligating the aorta, by necrotizing the wall 
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of the left ventricle (with alcohol or 5 per cent silver nitrate), or by 
ligating three-fourths of the pulmonary veins. 7 ’ 8 

Our case was one of sudden failure of the mitral valve and necrosis of 
the wall of the left ventricle. 

Of the previously published cases, only in that of "Wank el did acute 
pulmonary edema develop. It is an interesting fact that in Wank el’s 
case it was also the anterior papillary muscle of the left ventricle which 
ruptured. 

SUMMARY 

This is the report of a case of very marked atherosclerosis of the 
coronary arteries, thrombosis of the anterior descending branch of the 
left coronary, infarction of the myocardium in the anterior wall of the 
left ventricle, spontaneous rupture of the left anterior papillary muscle, 
acute pulmonary edema, and sudden death. 
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ARTERIAL THROMBOSIS FOLLOWING SIMPLE CONTUSION* 

Report of a Case 

Fay A. LeFevre, M.D. 

Cleveland, Ohio 

I N A clinic devoted to the study of vascular disease, the major portion 
of cases of thrombosis and embolism are secondary to disease of the 
heart or peripheral arteries in older persons. It is well known, of course, 
that arterial thrombosis may occur following trauma, but actual expe- 
rience, as a rule, does not disclose many cases of this type. Arterial 
thrombosis following fracture of an extremity, and deep wounds which 
necessitate ligation of one or more large vessels are seen from time to 
time, but thrombosis resulting from a simple contusion is of sufficient 
rarity and interest to be worth recording. 

The case of this type to be presented is instructive both from the 
standpoints of diagnosis and of treatment, for the history furnished 
evidence that thrombosis following a minor accident may be easily 
overlooked, and an unusual opportunity was offered to observe and eval- 
uate the results of treatment in a young, healthy patient whose circu- 
latory system was normal except for that portion of it affected by the 
injury. 

CASE REPORT 

The patient, a white boy, aged 16 years, reported to the Vascular Clinic of St. 
Luke’s Hospital on Feb. 5, 193S. His complaint was that he had had pain in the 
right leg for six months, that is, since August, 1937. At that time, while acting as 
a caddy, he had been struck in the right calf by a golf ball. The ball had been 
driven from the preceding tee, and had struck him a direct blow; it had traveled 
about a hundred yards in the air before striking him. After the accident he was 
able to continue with his work throughout the day and, except for local pain and 
tenderness, experienced no unusual symptoms. The skin was not broken, but for a 
period of a week there was a definite area of ecchymosis. 

Several days following the accident lie noticed that it was difficult for him to 
walk without resting. He observed that his right leg tired more easily than the 
left, and after walking moderate distances he would frequently have slight pain 
in the right calf. It was always his observation that this pain was relieved by 
rest. He also had noticed that the right leg was usually colder than the left, and 
frequently appeared paler. In spite of the pain in the leg he was able to carry on 
his work as a caddy during the remainder of the golf season. 

About two months after the accident his condition became much worse. He was 
able to walk only three or four blocks at a slow pace before the pain in the right 
leg developed. From November, 1937, until the time of liis admission to the Clinic, 
there had been a gradual decrease in the distance he could walk until finally pain 
appeared after walking only about one block. He was attending school and found 
it impossible to participate in any athletic competition. At no time had lie ex- 
perienced pain when at rest. 

‘Vascular Clinic. St. Luke’s Hospital, Cleveland. Ohio. 
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In the period of six months that had elapsed since the accident, during which 
the symptoms had become increasingly severe, the patient had consulted several 
physicians who had offered various diagnoses, such as arthritis, neuritis, and 
rheumatism, and had prescribed aspirin and other treatment without the slightest 
effect. No investigation of circulatory function had been made by anyone. 

Except for the injury and its sequelae, nothing in the patient’s past history was 
pertinent to the condition from which he sought relief. He had never had scarlet 
fever or diphtheria, liis feet had never been exposed to cold weather, there was no 
history or evidence of diabetes, and he did not smoke. 

A general physical examination and special examinations of the eyes, ears, nose, 
and throat showed no abnormalities, and all of the peripheral reflexes were normal. 
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Fig. 1. — Oscillometric readings in both iegs before treatment. (X, left leg; O, 

right leg.) 
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Fig. 2. — Oscillometric readings in both legs after passive vascular exercise (pavaex) 
treatment for sixty-five hours. (X, left leg; O, right leg.) 


The patient was 5 feet, G inches tall, weighed 135 pounds, and appeared well de- 
veloped and well nourished. The blood pressure was 110/70, and the pulse rate 72. 
Routine examinations of the blood and urine yielded normal findings, and the blood 
Wassermann reaction was negative. 

Examination of the lower extremities revealed slight atrophy of the right calf 
muscles. Actual measurements indicated a difference of 3 cm. in circumference 
between the right and left legs. The right leg appeared to be paler than the left, 
in the horizontal position. On elevation, both feet and legs appeared pale. The 
pallor of the left leg was less marked than that of the right. In the dependent 
position the right leg showed a marked rubor, whereas the left leg was of a normal 
pink color. After exposure to room conditions the temperature of the right great 
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toe was 28° C. and of the left great toe, 32° C. There were no localized areas of 
tenderness. The femoral pulsations on both sides were normal. The popliteal, pos- 
terior tibial, and dorsalis pedis pulses were absent on the right side, but of good 
quality on the left. There was no edema, ulceration, or varicose veins. Oscillometric 
studies indicated good pulsation in both thighs. The pulse of the left leg and foot 
was normal, and the pulse of the right leg and foot was greatly diminished (Fig. 1). 
Intracutaneous histamine tests indicated a normal capillary response in both legs. 

From the history and physical findings it was apparent that the patient was 
suffering from thrombosis of the posterior tibial artery, which probably was second- 
ary to the injury suffered sis months previously. Passive vascular exercise (pavaex) 
was instituted in an effort to establish an increase in the collateral circulation. From 
February 7 until June 4 the patient received this treatment for a total of sixty-five 
hours. No other form of treatment was administered during this period. The 
treatment was applied from one and one-half to two hours at a time, three times a 
week. More intensive therapy was not possible because the patient wished to re- 
main in school. 

During this period considerable subjective improvement was noted. The walking 
distance gradually increased and the degree of pain was considerably less. After 
the sixty-five hours of treatment the patient could walk about seven blocks without 
pain, as contrasted with one block when he was first examined. Improvement in the 
circulation was shown objectively, also, for the oscillometer recorded an increase 
from one-half to one and one-half units (Fig. 2). The temperature of the right foot 
was still lower than that of the left, but this was not noticeable to the patient. The 
temperature of the right great toe had risen from 28° C. to 30° C. 

COMMENT 

In many cases of thrombosis and embolism of the peripheral arterial 
system there is evidence that adequate collateral circulation develops 
spontaneously. For this reason it is often difficult to decide whether 
the treatment instituted early in the course of the circulatory disturb- 
ance is really responsible for improvement. In this instance, however, 
adequate time had elapsed since the occurrence of the injury to allow 
collateral circulation to increase spontaneously, if it were going to do so. 
Since, instead of any improvement, the patient’s condition had become 
progressively worse before he presented himself at the clinic, and since 
after treatment was instituted he displayed marked betterment, it seems 
justifiable to conclude, in this case, that the passive vascular exercise 

(pavaex) treatment was responsible for the increase in circulation in the 
extremity. 

During the summer vacation it will be possible for the patient to 
report more often for treatments, which are to be continued at least 
until they have been administered for a minimum of 100 hours. It is 
expected, in view of the patient’s initial response, that additional im- 
provement will result with continuation of this therapy. 



AURICULAR FLUTTER AND COMPLETE HEART BLOCK 

N. J. DiGregorio, M.D., and J. Hamilton Crawford, M.D.* 

Brooklyn, N. Y. 

W HEREAS auricular flutter and complete heart block are individ- 
ually comparatively common, an association of the two conditions 
is unusual. The first accurate description of a combination of these 
disturbances in rhythm, with electrocardiographic proof, was reported 
by Jolly and Ritchie, 1 in 1911. Recently, Jourdonais and Mosenthal- 
described a case and thoroughly reviewed the literature; they found 
twenty-nine authentic cases, including their own. The details of these 
cases can be found in this article, 2 hence it is unnecessary to recapitulate 
them. The rarity of the condition is further emphasized by the fact that 
Willius 3 encountered it only once in the electrocardiograms of 40,000 
patients, while at Kings County Hospital it lias been observed only 
twice in over 20,000 records. The following report, which adds two 
more to the reported cases, gives a summary of the findings in these 
two eases. 

REPORT OF CASES 

Case 1. — M. R., a white man, G1 years of age, was admitted to Kings County 
Hospital for the first time on Nov. 1, 1935, complaining of shortness of breath, pain 
in the chest on exertion, cough, and swelling of the legs, all of seven months’ dura- 
tion; these symptoms had become more severe four weeks before admission. Neither 
his past nor family history was significant. Physical examination showed a large, 
well-nourished white man, sitting up in bed, orthopneic and cyanotic. The neck veins 
were distended as far as the angle of the jaw. The pulse was irregular, and the 
rate was 100 beats per minute. The blood pressure was 150/90. The vessels revealed 
a moderate degree of sclerosis. The apex beat was located outside the midclavicular 
line, 13 cm. from the midstemal line. There was a loud, blowing systolic murmur 
at the apex and a short rough systolic at the aortic area. Moist rales were heard 
at the bases of both lungs posteriorly. The edge of the liver was palpable three 
fingerbreadths below the costal margin and there was evidence of a small amount of 
free fluid in the abdominal cavity. The extremities showed slight edema. The 
blood sugar was 330 mg. per 100 c.c. A teleoroentgenogram of the chest showed 
a marked increase in the transverse diameter of the heart; the cardiothoracic index 
was 0.65. The electrocardiogram revealed auricular flutter at a rate of 250, with a 
varying block producing a ventricular rate of 100 (Pig. 1 -1 ) • Digitalis was 
ineffective in changing the rhythm but slowed the ventricular rate to about GO beats 
per minute. The patient was discharged two weeks later, greatly improved; his 
diabetes was controlled without using insulin. The diagnosis was arteriosclerotic 
heart disease, and auricular flutter. 

The patient was admitted to the hospital for the second time on June 23, 393G, 
having attended the cardiac clinic from time to time. Although digitalis was pre- 
scribed by the clinic physicians, he took it only occasionally — approximately one 
tablet a day for a few weeks and none for several weeks at a time. For at least 

•From the Department of Medicine, Lone Island College of Medicine, and the De- 
partment of Cnrdiolopy. Kinps County Hospital. 
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two weeks before admission lie had taken no digitalis or any other drug. On ad- 
mission he had essentially the same complaints as previously, namely, dyspnea, pre- 
cordial pain on exertion, and swelling of the legs and abdomen. The most important 
physical findings were orthopnea, cyanosis, distention of the neck veins, and rapid 
venous pulsations at the base of the neck. The blood pressure was 180/110. The 
pulse was slow (40 per minute) and regular. 



Fig'. 1 A . — Case 1. Auricular flutter with irregularity of the ventricle (Nov. 16, 1935). 



Fig. IB. — Case 1. Auricular flutter with complete heart block (June 26, 1936). 


The cardiac findings were the same as on the previous admission. There were 
moist rales at the bases of both lungs, enlargement of the liver, ascites, and edema 
of the legs. The electrocardiogram Tevealed auricular flutter at a rate of 214 and 
complete heart block with a ventricular rate of 33 (Fig. 15). He was again com- 
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pletely digitalized, and large doses of quinidine sulfate were given; both, however, 
were ineffective in changing either the rate or the rhythm. 

Subsequently, he was readmited to the hospital three times before Ids deatli in 
November, 1937. On each occasion he had essentially the same complaints and 
physical findings and a heart rate which varied between 30 and 40, The anasarca 
was most resistant to any form of treatment, including complete digitalization, 
ammonium chloride, and mercupurin; both intravenously and in the form of sup- 
positories. Numerous electrocardiograms all showed auricular flutter and complete 
auriculoventricular block. 

Case 2. — C. E., a white man, 62 years old, was admitted to Kings County Hospital 
on March 23, 1936, complaining of precordial pain and dyspnea. The family and 
past personal histories contributed nothing of significance. The patient was well 
until ten days before admission, when, while walking, he was seized with sudden 
severe substernal pain which caused him to fall to the ground and become dyspneic. 
Thereafter, he had had attacks of substernal pain on the slightest exertion. 

Physical examination showed a white man lying quietly in bed, in no apparent 
discomfort. The important physical findings were a rapid regular pulse of 110, and 
a blood pressure of 140/100. The heart was slightly enlarged, the apex being 
situated just outside the midclavicular line. There were a few moist rales at the 
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Fig. 2 A . — Case 2. Sinus rhythm with intraventricular conduction disturbance and 

left axis deviation (March 25, 193G). 


bases of the lungs. The laboratory data were negative. The electrocardiogram 
showed normal sinus rhythm at a rate of 110, left axis deviation, and intra- 
ventricular conduction disturbance (Eig. 2 A). A question which arises with respect 
to this record is whether the rhythm is normal sinus rhythm or auricular flutter. 
Leads II and III suggest the latter possibility, but on close analysis the timing of 
the peaks of the different waves does not appear to conform to that seen in auricular 
flutter. One concludes, therefore, that the rhythm is of sinus origin. Although the 
tracing does not show the typical features of acute coronary occlusion, in view of 
the history and the fact that there is a pronounced disturbance of intraventricular 
conduction (which frequently masks the characteristic findings of coronary throm- 
bosis) a diagnosis of coronary occlusion was made. The patient was discharged 
from the hospital considerably improved, and directed to take grains of digitalis 
per day. 

lie remained well until September, 1936, when he was readmitted, complaining 
of shortness of breath on exertion and swelling of the legs and abdomen, of two 
weeks’ duration. Physical examination showed an acutely ill individual, orthopneic 
and cyanotic, with distended neck veins. The pulse rate was slow (24 per minute) 
and regular, and the blood pressure was 180/100. The heart was tremendously en- 
larged, the apex being in the anterior axilliary line; the heart, sounds were distant. 
Moist rales were heard at the bases of both lungs, and the liver extended three 
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fingerbreadths below the costal margin. Ascites and edema of the extremities were 
present. Except for a trace of albumin in the urine the laboratory findings were 
normal. The electrocardiogram (Fig. 2 B) showed auricular flutter at a rate of 
214, complete heart block with a ventricular rate of 33, left axis deviation, and left 
bundle branch block. During the first few days in the hospital repeated Stokes- 
Adams attacks occurred; they were controlled by epliedrine and gradually dis- 
appeared. The patient was discharged at the end of three months in good condi- 
tion, with no ascites or edema. The diagnosis was hypertensive and arteriosclerotic 
heart disease, auricular flutter, and complete heart block. 

He re-entered the hospital in February, 1937, with practically the same complaints 
and physical findings as on the previous admission. The electrocardiogram again 
showed auricular flutter at a rate of 231, complete heart block with a ventricular 
rate of 30, left axis deviation, and an intraventricular conduction disturbance. He 
grew worse progressively, and died three days after admission. 

On post-mortem examination the classical features of heart failure, including 
pulmonary edema, hydrothorax, ascites, and anasarca, were found. The heart 



Fig. 2J3. — Case 2. Auricular flutter, complete heart block, and left bundle branch 

block (Oct. 1, 1936). 


weighed SOO gm. ; the valves appeared normal and the main branches of the coronary 
arteries were patent. The myocardium showed a small amount of interstitial fibrosis 
and at the upper end of the interventricular septum there was an area of fibrosis 
measuring about 1 cm. in diameter. This undoubtedly was an old healed myocardial 
infarct involving the bundle of His, as had been suspected when lie first came to the 
hospital. 

DISCUSSION 

The rarity of the association of auricular flutter and complete heart 
block has been alluded to already. Of the reported cases only four of 
the thirty-one, including the two reported in this paper, occurred in 
women. The age incidence varied from 13 to 74 years, with 80 per cent 
occurring in patients more than 50 years of age. This is to be expected 
as a study of the etiology reveals that the condition takes place almost 
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exclusively in patients suffering from arteriosclerosis, hypertension, 
and coronary artery disease. There were only three cases of syphilitic 
heart disease, and one each of rheumatic, congenital, and thyreotoxic 
heart disease. Jourdonais and Mosenthal 2 have classified the previous 
cases into different groups, i.e., those in which the combination developed 
after the administration of drugs hut in which one or the other disturb- 
ance of rhythm was present before medication was given, and those 
in which auricular flutter and heart block occurred spontaneously. In 
the majority of cases the disturbances appear spontaneously, but in a 
patient who is receiving digitalis, the possibility that it may be the 
cause must be seriously considered and the drug withdrawn in the hope 
that the abnormal rhythm will disappear. Neither of our patients had 
complete heart block when first seen, and in only one was auricular 
flutter present. Each received digitalis, and it might be thought that 
this was the cause of the block. In both instances, however, after com- 
plete block had supervened, digitalis was discontinued for considerable 
periods of time; nevertheless, the block persisted. Thus it seems more 
probable that the cause was progressive organic damage due to coronary 
artery disease. Indeed, in the second case, at post mortem, an area of 
fibrosis in the region of the main branch of the bundle of His was found. 
In the cases previously reported, quinidinc sulfate stopped the flutter in 
five instances out of twenty-five, digitalis in two, and thyroidectomy in 
the only case of thyreotoxic heart disease. In the present series both 
patients received digitalis and one quinidinc, but the abnormal rhythm 
persisted. The prognosis in the presence of the associated conditions is 
grave; one of our patients lived for six months and the other for seven- 
teen months after the combination of rhythm disorders appeared. Signs 
and symptoms of right- and left-sided heart failure were present in each 
instance. The condition can be suspected clinically by observing the 
occurrence of rapid auricular pulsations in the jugular veins in a patient 
with a regular ventricular rate between 30 and 40. The diagnosis, how- 
ever, can be made with certainty only by means of the electrocardiogram. 

SUMMARY 

Two cases of auricular flutter with complete heart block are reported. 
In both, the cause appeared to be coronary artery disease, and in neither 
were the abnormal rhythms affected by therapy. 
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Cossio, Pedro: Acoustic Phenomena of the Mitral Valves. Rev. argent, de 

cardiol. 4: 3S3, 1938. 

The graphic registration of the heart sounds, together with other manifesta- 
tions of the heart action in 40 cases of mitral stenosis (with and without auricu- 
lar fibrillation), has shown that very often extra sounds occur in these eases early 
in diastole: opening snap of the mitral valve, reduplications of the second sound, 
or an especial sound towards the end of the rapid ventricular inflow. They ex- 
plain the three and even four sounds often heard in mitral stenosis. 

The opening snap occurs more frequently in older patients with predominant 
signs of stenosis. The rapid ventricular inflow sound occurs more likely in chil- 
dren and adolescents with recent rheumatic aggression and with predominant 
insufficiency of the mitral valve. The latter may be an ordinary third heart sound 
with a new acoustic element added, the result of the sudden tension of the dis- 
eased valve, caused bj' the distention of the ventricular wall. Sometimes it may 
be entirely due to this valvular tension, justifying the name of "tension snap” 
of the mitral valve. 

The plionocardiograms nearly always show a diastolic murmur due to the 
stenosis and a systolic murmur due to the insufficiency of the valve. Sometimes 
only one of them is heard, and one gets the wrong impression that only one con- 
dition exists. The diastolic murmur begins a short interval after the second 
sound and shows two reinforcements: protodiastolic and presystolic. Both are 
fused together when the rapid ventricular inflow and the auricular systole fall 
together on account of tachycardia. Occasionally the diastolic murmur begins 
a short interval after the opening of the auriculoventricular valves, and this is 
interpreted on the assumption that the stenosis is not very great; consequently 
the conditions to produce the murmur arise only when the ventricular cavity 
reaches a certain volume. The presystolic murmur may be absent after long 
diastoles because of the inability of the auricle to inject blood in an overdis- 
tended ventricle. 

The systolic murmur has variable characteristics and duration. It may be 
proto- meso- or holo-systolie according to the extent of the lesion or to the mo- 
ment of its evolution. The following scheme mar" be drawn for the acoustic 
phenomena in cases of rheumatic disease of the mitral valve: 

a. If the stenosis is slight and recent there is a proto- and meso-systolic 
murmur which predominates over the diastolic one, the latter even being in- 
audible; in the records the diastolic murmur may begin after the sound occurring 
during the rapid ventricular inflow. 

b. If the stenosis is frank and older, there is a holo-systolie murmur, and the 
diastolic one starts either with the ventricular inflow, after the opening snap, or 
towards the end of that period, following the third sound above mentioned. 
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c. If the stenosis is marked and very old, there is a proto-systolic murmur 
masked by the first heart sound, and the diastolic murmur begins after the 
opening snap, nearly always present. 

Author. 

Heymans, Corneille: Experimental Arterial Hypertension. New Eng. J. Med. 219: 

154, 1938. 

The methods of producing hypertension experimentally are reviewed. The four 
methods described are as follows: 

1. Section of the cardio-aortie and carotid sinus moderator nerves. Hypertension 
occurs here by the release of vasoconstrictor and cardioaccelerator centers, the ac- 
tivity of which, under normal conditions, is permanently moderated reflexly by the 
cardio-aortie and carotid sinus nerves. 

2. Injection of a kaolin suspension into the cerebral ventricles or into the sub- 
arachnoid space. The mechanical compression thus produced leads to cerebral 
anoxemia, which particularly sensitizes the vasopressor centers to the stimulating 
action of carbon dioxide. 

3. The production of renal ischemia through permanent, incomplete compression 
of the renal artery. It is suggested that the arterial hypertension induced by renal 
ischemia may be due to a humoral factor which increases the excitability of the 
peripheral blood vessels to constrictor stimulations, mainly to the neurogenic vaso- 
constrictor influences. The same humoral factor induces, on the other hand, a direct 
peripheral vasoconstriction and a disturbance in the physiologic mechanisms of the 
pressoreceptive reflex regulation of blood pressure. 

4. Repeated large doses of vitamin D, (Calciferol) in dogs produces a progressive 
augmentation of the arterial blood pressure with the development in the kidneys, and 
elsewhere, of certain vascular lesions, mainly ‘ ‘ arteriolonecrosis. ’ ’ 

Naide. 

Wilson, C., and Pickering, G. W.: Acute Arterial Lesions in Rabbits With Ex- 

perimental Renal Hypertension. Clin. Sc. 3: 343, 1938. 

Acute arterial lesions structurally identical with those of malignant hypertension 
in man have been found in rabbits with arterial hypertension produced by renal 
artery constriction. The incidence of the lesions was related to the degree of hyper- 
tension but not to its duration. These lesions were most frequent and severe in the 
intestine, but were also found in stomach, liver, suprarenal, heart, and eye; they were 
absent from the kidney, the renal artery to which had been constricted. It is sug- 
gested that a greatly raised intra-arterial pressure is a chief factor in determining 
these lesions in human and experimental hypertension. 

Hines. 


Moore, L. A., Hallman, E. T., and Sholl, L. B.: Cardiovascular and Other Lesions 

in Calves Ted Diets Low in Magnesium. Arch. Path. 26: 820, 193S. 

Calves fed rations low in magnesium to the extent that the blood magnesium was 
reduced to a low level exhibited a definite pathologic picture. The principal 
pathologic alteration consisted of a deposition of calcium salts in the yellow elastic 
libers of the endocardium, of the aorta, jugular vein and larger arteries, of the 
surfaces of the diaphragm and of the trabeculae and capsule of the spleen. Also 
notable were degeneration and calcification of Purkinje fibers. There were present 
also various degrees of hepatitis and nephritis. A possible relationship of diets low 
in magnesium to the arteriosclerosis of human beings is suggested. 
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Roth, Grace M., Maclay, Elizabeth V., and Allen, Edgar V.: Blood in Thrombo- 
angiitis Obliterans, Arch. Int. Med. 62: 413, 193S. 

The values for serum calcium, serum protein, blood urea, serum lecithin and 
serum phosphorus were found to be within normal limits in a study of the blood 
in cases of thromboangiitis obliterans. In most instances the blood volume, 
hematocrit value and concentration of fatty acids and cholesterol in the plasma were 
found to be normal. In some instances the blood volume was slightly decreased, and 
the hematocrit value and the concentration of fatty acids and cholesterol in the 
plasma were slightly increased. The significance of these findings is doubted, since 
the} - are inconstant findings in thromboangiitis obliterans. 

Authors. 

Stanojevie, L.: Determination of Circulation Time With Lobelin. Ztschr. f. 

Kreislaufforsch. 30: 521, 1938. 

By using intravenous Lobelin (0.03 to 0.07 mg./kv.) the author determined circula- 
tion time objectively, since this drug produced coughing. The determination is 
simple and without risk. It can be repeated safely several times a day or after a few 
hours without signs of intolerance cumulation or toxicity. If desired, this can be 
recorded graphically with a pneumograph. It operates apparently on the cough center 
since the circulation time is of the order obtained with other methods, viz., on the 
average 10.6 seconds in normal subjects, 12.8 seconds in noncardiac patients, 13.4 
seconds in cardiac patients without congestive failure and 30.2 seconds in congestive 
failure. 

Katz. 

Korth, C.: Frontiers of Clinical Electrocardiography. Arch. f. Kreislaufforsch. 3: 

1, 1938. 

The recent advances in clinical interpretation of the electrocardiogram are evalu- 
ated in view of recent work. It was found that inverted T-waves are more significant 
when in Leads I or I and II than when in Lead III. Abrupt changes in direction of 
T are particularly significant. In infectious diseases, the T-wave contour is im- 
portant in estimating myocardial damage. The S-T segment has gained greater 
meaning clinically within recent years. The value of electrical systole in tetany is 
stressed. Considerable value is to be attached also to the axis deviation. 

Katz. 

Riihl, A.: The Significance of Severe Anoxic Variations of the T Wave in Healthy 

Subjects. Ztschr. f. Kreislaufforsch. 30: 393, 1938. 

The electrocardiographic variations were noted on placing normal subjects in a 
low pressure chamber and lowering the atmospheric pressure to the equivalent of 
altitudes of from 16,250 to 21,125 feet. A total of 118 observations were made. 
It was found that T was flattened in Leads I and II and S-T was depressed in these 
leads. Exercise before subjecting the individual to the high altitudes increased the 
deviation of S-T and T. 

Katz. 

Schlomka, G., and Dietrich, H.: Physiological Arhythmia of the Heart. VI. In 

Emphysema. Ztschr. f. Kreislaufforsch. 30: 453, 193S. 

One hundred patients were studied. The results are opposed to the view that 
the sinus arrhythmia is not caused by a central radiation of impulses from the 
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respiratory to the cardioregulatory centers. The sinus arrhythmia increases in degree 
at first as the lung involvement increases and then with further lung involvement 
tends to decrease. 

Katz. 


Walter, R.: Correlation Between Pulse Frequency and Conduction Time as a Sign 
of Myocarditis. Ztschr. f. Kreislaufforscli. 30: 481, 1938. 

A prolonged P-R interval is an early sign in myocardial inflammation. This is 
accompanied by tachycardia. Tachycardias such as follow exertion in normal in- 
dividuals differ from the tachycardias in damage to the heart muscle in that the 
former are unaccompanied by prolongation of P-R. However, even in myocarditis, 
tachycardia following exertion is not associated with prolongation of P-R. 

Katz. 

Schlomka, G., and von Konigslow, E.: The Evaluation of the Relative Duration 
of Systole. IV. Extrasystoles. Ztschr. f. Kreislaufforscli. 30: 487, 193S. 

When correlated with the duration of the preceding diastole, the systole of the 
postextrasystolic beat following a compensatory pause was found to be relatively 
longer than the other sinus beats. This was less noticeable following supra- 
ventricular extrasystoles than following ventricular ones. This relative prolongation 
of systole is also less marked in diseased hearts than in normal ones. 

Katz. 

Langendorf, R., and Pick, A.: Electrocardiogram in Acute Nephritis (two parts). 
Acta Med. Scandinav. 94: 1, 193S. 

This is a report on twelve cases of acute diffuse glomerular nephritis. A flattening 
or inversion of T was found in Lead I, with a bifid T-wave in some cases, and 
in Lead III (and II) T became large and upright. In Lead IV, T became inverted 
(new terminology) and sometimes T became bifid. The absence of S-T deviations 
and Q-wave changes distinguish this condition from coronary occlusion with myo- 
cardial infarction. The discordancy of changes in Leads I and III and the absence 
of S-T changes distinguish this typo from that in pericarditis. 

In the evolution of the changes, the T-wave in Lead I becomes inverted and T, 
becomes typically peaked, and Lead TV develops a deep T, resembling superficially 
the changes in anterior myocardial infarction. The author attributes changes to 
heart strain on the left side which is caused by the sudden hypertension, but this is 
not the sole cause as some ischemic, toxic, or other effects on the myocardium must 
play a rifle. 

Katz. 


Winternitz, M., and Langendorf, R.: The Electrocardiogram in Pericarditis. 

Acta Med. Scandinav. 94: 141, 274, 193S. 

This is a report of 7(3 eases of pericarditis including 8 of traumatic origin with 
hemopprienrdium, IS of rheumatic origin, 34 of tuberculous origin, 12 of uremic 
origin, 2 due to blast omatosis. 11 of a septic nature, 5 following myocardial in- 
farction, and o of unknown origin. These cases are critically reviewed and corre- 
lated with the literature on the subject. Characteristic changes occurred in 40 cases, 
no change in lf>. and noncharaet eristic abnormalities in the rest. Most characteristic 
early in the disease is the presence of an elevated S-T segment concave upward 
followed by an upright T-wave. The terminal portion of QRS is pulled upward. 
These early changes last for about three days, when S-T deviations disappear and T 
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becomes flatter. Later T becomes inverted, but the T-wave and S-T evolution are not 
coordinated in time. Also, before becoming inverted, T may be split, or appear as a 
late, small deflection. Later T becomes a characteristic coronary type and waxes and 
wanes. Preeordial leads are not characteristic of the lesion but fail to show the 
typical coronary occlusion evolution. The cause for electrocardiographic changes is 
not due to ischemia of muscle or tamponade or to subepicardial myocardial damage, 
but the authors consider them due to bioelectric changes in the tissues surrounding 
the heart. The negative T-wave, however, is due to an action in the heart. 

Katz. 

Master, Arthur M., Dack, Simon, and Jaffe, Harry L. : Partial and Complete Heart 

Block in Acute Coronary Artery Occlusion. Am. J. M. Sc. 196: 513, 1938. 

A complete review has been made of the A-V conduction disturbances in 375 
cases of coronary artery occlusion with reference to their incidence, clinical, electro- 
cardiographic and pathologic features, prognosis and treatment. 

Simple P-R prolongation was common, occurring in 16 per cent of cases ; partial 
and complete heart block occurred in 3.2 per cent. 

Heart block appeared soon after the onset of the occlusion and usually lasted one 
to two weeks. P-R prolongation not infrequently appeared late and became perma- 
nent. 

Permanent P-R prolongation and heart block may be the result of previous un- 
recognized coronary occlusion. Repeated attacks of occlusion may progressively 
increase the A-V conduction defect. 

The sudden onset of P-R prolongation as well as heart block may be the first and 
only sign of coronary artery occlusion. 

Heart block, excluding P-R prolongation, was associated with heart failure, 
cardiac enlargement, previous hypertension, and previous coronary occlusion. It 
was more common in older patients with advanced arteriosclerosis. 

Symptoms attributable to the heart block appeared only when the ventricular rate 
fell to 40 or less and consisted of heart failure or the Stokes-Adams syndrome 
with syncope and coma. The bradycardia can differentiate the latter from syncope 
and coma due to other causes, such as shock and cerebral embolus. 

Tlie prognosis of complete heart block was serious, because of the slow ventricular 
rate. Pour of the six patients died. Partial heart block offered a favorable prognosis 
unless there was marked bradycardia. Simple P-R prolongation did not affect the 
outcome of an attack adversely. 

It was confirmed that complete and partial heart block were associated with a 
specific cardiac lesion and electrocardiographic pattern. The anatomic basis was in- 
farction of the posterior portion of the interventricular septum and posterior surface 
of the left ventricle as a result of right coronary artery occlusion. The electro- 
cardiogram presented the Q-3 T-3 pattern typical of posterior wall infarction. 

The presence of profuse anastomotic channels in the interventricular septum 
around the A-V node prevents the more frequent occurrence of heart block and affects 
its remission when it does occur. 

P-R prolongation was not associated with a specific anatomic lesion or eleetro- 
cardiogi-apliic pattern. Anoxemia, heart failure, and vagal influences were probably 
significant. 

The association of A-V block with intraventricular block can be attributed to 
septal infarction which involves simultaneously the A-V tissues and bundle-branch 
system. 

The treatment of heart block is that of coronary artery occlusion in general. 
When there are persistent bradycardia and Stokes-Adams manifestations, adrenalin 
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should be resorted to. The indications and effects of adrenalin, ephedrine, anil 
atropine are discussed. Digitalis, quinidine, and nitroglycerine were considered 
contraindicated. 

Author. 

Hadom, W.: Combined Thrombo-Emboli of the Coronary Arteries. Ztsclir. f. 
Ivreislaufforsch. 30: 563, 1938. 

An unusual case is reported where a thrombus over a myocardial infarction gave 
rise to an embolus which lodged in the same coronary artery in which an earlier 
thrombus had resulted in the infarction. This coronary embolus caused sudden 
death of the patient. 

Katz. 


Hines, E. A., Jr., and Roth, Grace M.: The Effect of Tobacco on the Blood Pres- 
sure as Measured by a Standard Smoking Test. Proc. Staff Meet., Mayo Clin. 

13: 524, 1938. 

A standard smoking test and a control test have been carried out on fifty-six 
patients with essential hypertension and thirty subjects with normal blood pressure. 
Cigarette smoke produced an elevation of blood pressure in the majority of in- 
dividuals tested by a standard smoking test. The excessive rises in blood pressure 
from smoking occurred only in the patients who had evidence of an inherently hyper- 
reactive vascular system as measured by the cold pressor test. The effect of smoking 
tobacco on the blood pressure, however, is not due entirely to a nonspecific stimulus 
acting on a hyperreactive vascular system but is the result, at least in part, of some 
element in the tobacco smoke which produces vasoconstriction. 

Authors. 

Alam, M., and Smirk, P. H. : Blood Pressure Raising Reflexes in Health, Essential 

Hypertension, and Renal Hypertension. Clin. Sc. 3: 259, 3938. 

A study has been made of the effects of blood pressure raising reflexes in normal 
subjects, patients with essential hypertension, and patients with renal hypertension. 
Two different methods of testing the blood pressure raising reflexes were employed: 
(1) the stimulus of exercising the forearm muscles during arrest of the circulation 
as previously described by the authors; (2) a modification of the cold pressor test 
as described by Hines and Brown. Effects on the blood pressure were similar with 
both tests. It was found that the effects on the systolic blood pressure are greater 
in old than in young subjects but there was no difference in the effect of age on the 
diastolic pressure. The rise in both systolic and diastolic pressures is less in patients 
with renal hypertension than in normal subjects of the same age group. Large effects 
are more frequent in cases of essential hypertension than in normal controls of the 
same age. Large rises of blood pressure may occur in normal subjects and small 
rises in patients with essential hypertension. No definite correlation was found be- 
tween a high degree of reactivity and the resting blood pressure level. In the 
majority of cases of essential hypertension the natural relationship between the pulse 
rate and blood pressure is reversed in that a rise in blood pressure is accompanied 
bv a rise in pulse rate. 

HIKES. 

Barker, Nelson W.: Lesions of Peripheral Nerves in Thromboangiitis Obliterans. 

Arch. Int. Med. 62: 273, 393S. 

In a histopathologic study of the peripheral nerves in a series of twenty cases of 
thromboangiitis obliterans various combinations of wallerian degeneration, fibrosis. 
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edema, atrophy, lymphocytic infiltration, inflammation and thrombosis of the vasa 
vasorum were noted in all but one case. A definite correlation was found between the 
presence of wallerian degeneration and the clinical syndrome of ischemic neuritis. 
The presence of these degenerative changes proximal to the site of nerve section or 
alcohol injection explains the failure to relieve pain with these procedures. 

Naide. 

Saleeby, Eli It., and McCarthy, Patrick A.: Aneurysms. Pennsylvania M. J. 41: 

969, 193S. 

Thoracic and abdominal aneurysms can be prevented by early and intelligent 
treatment of syphilis. 

The Matas obliterative endoaneurysmorrhaphy offers the best available means of 
cure for external aneurysms. 

The present treatment of internal aneurysms is unsatisfactory. 

The Babcock procedure of end-to-end anastomosis of the common carotid artery 
and internal jugular vein offers the best available means of alleviating the symptoms 
of intratlioracie and subclavian aneurysms untreatable by other means. 

There have been no instances of rupture of an intrathoraeie aneurysm following 
the Babcock procedure. 

Author. 

Cleland, J. B.: Periarteritis Nodosa; Report of Two New Cases. M. J. Australia 

1: 847, 193S. 

There seems to be a definite relationship between periarteritis nodosa and rheu- 
matic fever, and it is possible that the former disease is in some cases an allergic 
response to the agent of rheumatic fever. Three cases of periarteritis nodosa were 
found in 4,000 autopsy eases in two Australian hospitals. One of these three cases 
presented rheumatic vegetations on the mitral valve. Allusion is made to previous 
cases with associated rheumatic manifestations. The cause of periarteritis nodosa, of 
course, has not been proved. 

Montgomery. 

Patherree, T. J., and Hines, E. A., Jr.: ratal Complications of Thrombo-Angiitis 

Obliterans: A Clinical Study. Proc. Staff Meet., Mayo Clin. 13: 342, 1938. 

The cases are reported of twenty-two individuals with thromboangiitis obliterans 
who died, including nine on whom necropsy was performed. In sixteen cases, or 
73 per cent of the group, extraperipheral vascular lesions played a dominant role as 
the cause of death. Four of these deaths followed operation. Coronary thrombosis is 
by far the most common type of peripheral lesion producing death in cases of 
thromboangiitis obliterans. In none of the post-mortem cases was a lesion found 
in the visceral arteries which was typical of the pathologic changes described by 
Buerger. 

Authors. 

Lewis, Thomas: Raynaud’s Disease and Preganglionic Sympathectomy. Clin. 

Sc. 3: 321, 193S. 

Six unselected cases of Raynaud ’s disease have been examined shortly after pre- 
ganglionic sympathectomy. Observation of these cases shows that preganglionic 
sympathectomy does not bring the fingers to a common state; it relieves in all cases 
but a local abnormality remains, and this can be displayed in a measure that is re- 
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lated to the abnormality displayed before operation. The full vasodilatation result- 
ing from preganglionic sympathectomy declines in a period of about a week following 
operation. 

Hines. 

Rosenberg, Edward F., Keith, Norman M., and Wagener, Henry P.: Diffuse 

Arterial Disease With Hypertension: Two Unusual Cases of Contrasting Types. 

Arch. Int. Med. 62: 461, 1938. 

The term diffuse arterial disease when used in a broad sense includes cases in 
which there are primary changes both in the arteries and in the arterioles. Two con- 
trasting cases are reported in which the preponderant alteration in one was in the 
arterioles, whereas in the other it was in the arteries. 

In the first case, with arteriolar involvement, the retinal picture was characterized 
by diffuse edema of the retina and of the optic nerve, with various hemorrhagic and 
exudative lesions and with visible changes in the retinal blood vessels. In the 
second case, with sclerosis of the larger arteries, the retinal changes were minimal, 
consisting of mild arteriovenous compression and mild narrowing of the retinal 
arterioles; a slight change in the color of the arterioles was also present. 

The general conclusion is drawn that in patients with sustained hypertension, the 
site of the predominating change, whether it is an abnormal physiologic process or 
an actual anatomic lesion, is in the arterioles; on the other hand, in patients with 
diffuse atherosclerosis of the arteries, hypertension is often mild and fluctuating 
or even absent. 

Naide. 

Clara, M.: Anatomy and Biology of the Blood Supply of the Kidney. Arch. f. 

Kreislaufforscli. 3: 42, 193S. 

An excellent summary beautifullj' illustrated is presented of the architecture of 
the renal vascular supply based on the author’s work correlated with that in the 
literature. 

Katz. 

Bahr, E.: Atherosclerosis of the Coronary Arteries in Relation to Age, Disease and 

Constitution. Arch. f. Kreislaufforscli. 3: 9;"5, 193S. 

A study based on SOS autopsies of subjects from 4 months to 92 years of age is 
presented in which analysis of macroscopic changes in the major coronary vessels 
was made. A novel type of diagram was used to depict the distribution of athero- 
sclerosis in the coronaries at various age groups. It was found that the left descend- 
ing coronary is the one involved earliest and the one which is most intensely involved 
at all age groups. The left circumflex is least involved and the right circumflex is 
intermediary. Exceptions to this occur when the right coronary artery is unusually 
long or the right ventricle is hypertrophied. Atherosclerosis increases with increased 
work of the heart. The so-called white collar class and professional groups show 
more involvement of the coronaries than manual laborers. The florid and robust 
type of person has coronary sclerosis while the asthenic has this disease only on rare 
occasions. 

Katz. 

Anthony, A. J., and Lent, W.: The Distensibility of the Vessels of the Ex- 
tremities. m. Ztsehr. f. Kreislaufforscli. 30: 52S, 193S. 

Curves of distensibility of the arteries of the extremities were obtained by corre- 
lating the pulse wave velocity with the “wirksain” internal pressure. Marked 
individual variations were obtained in young, healthy persons while the curves of old 
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persons were similar in shape. Little differences were seen in the average curve 
obtained from healthy young people, old people, and hypertensive patients. On the 
whole, the distensibility of the healthy subjects was greater at low pressures. 

Katz. 

Grant, K. T., and Holling, H. E. : Further Observations on the Vascular Responses 

of the Human Limb to Body Warming; Evidence for Sympathetic Vasodilator 

Nerves in the Normal Subject. Clin. Sc. 3: 273, 1938. 

Recent observations have revealed that while bod}' warming provokes a large 
increase of blood flow and skin temperature in the hands and feet it causes no 
more than a slight rise in blood flow and skin temperature in the proximal part of the 
extremities, and neither flushing nor warming of the skin of the proximal portion oc- 
curs provided the circulation to the extremity is arrested. This variation has been 
explained as being due to the difference in the distribution of the arteriovenous 
anastomoses. The present study was carried out to see if further information could 
be obtained as to the reason for the difference in reactions. The subjects to be tested 
were subjected to strong body warming accomplished by immersing two or three 
extremities in water maintained at 45 to 46° C. and with other portions of the body 
completely covered except the face and the limb under observation. Blood flow and 
skin temperature were measured by methods previously described. It was found that 
when body warming was pushed to excess in this manner vasodilation develops in the 
proximal areas of the extremities. Observations were made in several patients be- 
fore and after sympathetic ganglionectomy and on several subjects following nerve 
block. The results obtained from these and previous observations are interpreted 
as indicating two means of defense against rise in body temperature. The first is 
brought into action by relatively gentle heating and consists chiefly of a dilatation 
of the arteriovenous anastomoses in the extremities caused by the inhibition of vaso- 
constrictor tone. The second occurs when the heating is more intense and consists 
mainly of a general dilatation of the cutaneous vessels associated with sweating. 
The vasodilation produced in the proximal part of the extremity is brought about by 
stimulation of cutaneous sympathetic nerves. 

Hines. 

Stewart, Harold J., Deitrick, John E., Crane, Norman F., and Wheeler, Charles H.: 

Action of Digitalis in Uncompensated Heart Disease. Arch. Int. Med. 62: 561, 

1938. 

From the detailed study of the mechanism of the action of digitalis on the circula- 
tion of forty-two patients suffering from heart disease the following conclusions are 
drawn : 

The output of blood per minute from the heart which is in failure is diminished, 
the velocity of the blood flow is less and the heart is larger than when it is in a state 
of compensation. The work per beat is decreased and is not commensurate with the 
size of the organ. The venous pressure is in certain instances elevated, and in others 
it is in the normal range. 

Digitalis increases the output per minute of the failing heart, decreases its size and 
increases the work per beat, so that it more nearly approximates what is expected 
of it for its size. The circulating blood now moves at a greater velocity. A fall 
in venous pressure occurs if it was elevated beforehand. 

An interpretation of these results in the light of those already reported is that 
digitalis has the same action on the normal as on the pathologic heart; it decreases 
the cardiac size, which is interpreted as an effect on tone. The amount of the 
cardiac output which results from this action depends on the initial size of the heart. 
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The amount decreases in the case of a normal heart and increases in the ease of a 
dilated one. The evidence indicates that digitalis acts in a similar fashion on the 
normal heart and on those damaged by valvular disease and by myocardial disease 
unless the myocardial damage is extreme, in which case toxic effects might possible 
be elicited at lower concentrations of digitalis. 

The effect of digitalis in the presence of auricular fibrillation is similar to that 
recorded when the rhythm is regular. 

The response of hearts damaged by syphilis, arteriosclerosis, and hypertension 
appears to be similar to that observed for hearts damaged by rheumatic fever. 

The response of patients whose aortic valves are damaged is not different from 
that of patients exhibiting mitral involvement. 

The decrease in cardiac size appears to be the most important effect of digitalis, 
the change in cardiac output being a consequence of it. 

The lowering of the venous pressure by the administration of digitalis to the 
patient exhibiting heart failure seems to be dependent on an increase in cardiac 
output. An increase in cardiac output and work per beat permits the pumping on- 
ward of the blood accumulated on the right side so that a proper distribution results. 

There are indications that digitalis may benefit certain patients with organic 
heart disease without heart failure (Christian), but the final proof will depend on 
clinical observations. 

When considered in the light, of data relating to the action of the drug when 
the heart is normal and to its action when the heart is damaged by organic heart 
disease but heart failure is not present, the observations now reported with respect 
to patients with failure, those presenting regular sinus rhythm as well as those ex- 
hibiting auricular fibrillation, lead the authors to restate their original conclusion. 
Digitalis has similar, perhaps identical, action when the heart is normal and when it 
is diseased. It decreases the cardiac size and increases the extent of ventricular 
contraction, and to these is to be added the effect on systolic tension. The conse- 
quence of these actions is that the cardiac output which results differs, depending 
on the initial difference in the size of the ventricular cavities in the two situations. 
In the one (the normal heart and the diseased heart which is not failing) it becomes 
too small; in the other (the diseased heart which is failing) it acquires a suitable 
size. 

These studies demonstrate, however, a more uniform generalization which is ap- 
plicable to all these situations, namely, that digitalis increases the work of the 
heart per beat and that with respect to the heart which is failing, it increases (lie 
work per beat and makes it more nearly commensurate with the work expected of the 
heart for its size. 

Amnions. 


Stewart, Harold J., Crane, Norman F., Deitrick, John E., and Thompson, W. P.: 

Action of Digitalis in Compensated Heart Disease. Arch. Int. Med. 62: 547, 

10,18. 

The authors gave 1.6 to l.S gm. of digitalis within twenty-four hours to thirteen 
patients suffering from rheumatic heart disease and to four others with arterio- 
sclerotic. hypertensive or syphilitic heart disease. In all cases there was compensa- 
tion, and a normal sinus mechanism was exhibited. In addition to clinical studies 
of these patients, special observations were made of the cardiac, output, cardiac size, 
circulation time, and venous pressure. In all cases the T-wavc and the II -T segment 
of the electrocardiogram showed the changes characteristic of a digitalis effect. It 
was found that seven patients showed a decrease in cardiac output and a decrease in 
cardiac size, four patients showed an increase in eardinc output and a decrease m 
cardiac size, and six patients showed no change in cardiac output and in cardiac 
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size. In short, in some instances when the heart was made smaller, the cardiac output 
increased, and in others it decreased. In the former cases the heart behaved like a 
failing heart, and in the latter cases like a normal one. They were unable to predict 
beforehand which effect would be produced. 

The results in five patients exhibiting auricular fibrillation were not different from 
those encountered in those with normal sinus rhythm — a decrease in cardiac size 
was associated with a decrease in cardiac output, and an unchanged cardiac size was 
associated with an unchanged cardiac output. 

Digitalis has four effects on the heart which may be recorded clinically: (1) an 
effect on contraction, namely, an increase; (2) an effect on size, namely, a decrease; 
(3) an effect on the cardiac rate, namely, a decrease; and (4) an effect on the 
electrocardiogram, indicating an effect on the cardiac muscle. The cardiac output 
which results is different, depending on the individual heart, that is to say, whether 
it is dilated or not. 

A few observations on patients with heart disease due to other etiological factors 
showed that these phenomena are not confined to those with rheumatic involvement. 

There is one phenomenon which is common to all groups: The giving of digitalis 
increases the work accomplished by the heart per beat, whether its action is to in- 
crease or to decrease the ouput or to leave it unaltered and whether the rhythm is 
regular or is that of auricular fibrillation. As a consequence, work becomes more 
nearly appropriate for the size of the organ. Some basis is afforded Christian’s 
suggestion of giving digitalis to the patient suffering from organic heart disease 
even though he shows no significant failure. 

These studies yield additional evidence that a decrease in cardiac output which 
follows the giving of digitalis to human beings (normal and those having organic 
heart disease without congestive heart failure) is not a consequence of diminished 
venous return but a consequence, so far as we can now ascertain, of a decrease in the 
size of the heart due to the action of digitalis on it. 

Authors. 

Von Storch, Theodore J. C.: Complications Following the Use of Ergotamine Tar- 
trate. J. A. M. A. Ill: 293, 1938. 

Analysis of all the reports of serious sequelae following the use of ergotamine 
tartrate reveals that the great majority of the complications arose because of over- 
dosage, pre-existing sepsis, or obliterative vascular disease. Twenty-one of the total 
of forty-two patients reported in the literature developed gangrene. No accidents 
have been reported following its use in the migraine syndrome. 

Treatment, by the author, of 189 patients with migraine headaches over a period 
of five years has resulted in no serious complications. 

Contraindications to the use of ergotamine tartrate are sepsis and obliterative 
vascular disease, including disease of the coronary arteries. Caution should be used 
in the presence of marked arteriosclerosis, hepatic or renal disease, vitamin C de- 
ficiency, and hypersensitivity to the drug. 

When correctly administered and attention is paid to warning symptoms ergota- 
mine tartrate may be considered a safe and valuable method for the treatment of 
migraine headaches. 


Naide. 
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REVERSIBLE, CARDIAC ENLARGEMENT IN A CASE OP 
CONGENITAL CAVERNOUS HEMANGIOMA 

Rudolph Matas, M.D., and B. R. Heninger, M.D. 

New Orleans, La. 

T HE clinical entity known as the ‘ ‘ reversible heart ’ ’ has attracted the 
attention of both physiologists and clinicians for many years, al- 
though the term now used to identify it came into use only very recently. 
As early as 1847, Boisseau, as Matas points out, 1 described such a con- 
dition in association with arteriovenous fistula. In 1918, Zondek 2 em- 
phasized the fact that in both myxedema and beriberi the heart might 
dilate and might even fail as the result of specific deficiencies, and ob- 
served that in cases of myxedema the administration of thyroid extract 
was followed by a return to normal cardiac dimensions. In 1925, Fahr 3 
confirmed Zondek’s observations on myxedema and reported a case in 
which a decrease of more than 6 cm. was noted in the transverse cardiac 
diameter after thyroid therapy. He also demonstrated that withdrawal 
of the thyroid extract, after the heart had returned to its normal 
dimensions, was followed by redilatation, and sometimes by cardiac 
failure. 

Zondek’s findings were further confirmed by Davis, 4 by Hallock 5 and 
by Gordon,® and various explanations for them were adduced. Thus, 
Hallock expressed the view that the cardiac enlargement associated with 
myxedema is the result of a hypodynamic state of the myocardium, 
which necessitates a compensatory dilatation for the maintenance of 
normal minute volume. Gordon considered that the rapid decrease in 
the size of the cardiac shadow after the use of thyroid extract may be 
due to reabsorption of the pericardial fluid. 

A similar decrease in the size of the heart follows the administration 
of vitamin B in cases of cardiac enlargement caused by beriberi. A 
deficiency in vitamin B, according to Wenckebach, 7 induces physio- 
chemical changes which cause water retention and intercellular edema. 

From the Department of Surgery, Tulane University School of Medicine and the 
Department of Medicine, Louisiana State University School of Medicine, New Orleans 
La. ' 
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The microscopic changes which he demonstrated were confirmed by 
Weiss and Wilkins, s who did not, however, consider them to be of a 
specific character, ancl they were also confirmed by Keefer 9 and by 
Kepler. 10 All of these observers also reported the relief of cardiac symp- 
toms and the return of the heart to normal size after the administration 
of vitamin B. 

In 1923, Matas, in a report of 31 cases of arteriovenous aneurysm, 
described at considerable length the effect of this abnormality upon the 
size of the heart. At this time there was no unanimity of opinion upon 
this point. Lewis and Drury 11 believed that the cardiac enlargement 
resulting from arteriovenous fistula was essentially a dilatation. Hol- 
man, 12 on the other hand, proved experimentally that there was definite 
hypertrophy as well as dilatation; the weight of the hearts of his experi- 
mental animals was found to be increased post mortem. His idea was 
that the cardiac hypertrophy was due to the “increased work necessary 
to propel forward this increasing volume of blood flowing through” 
the heart. Eyster, 13 ' 10 some years later, carried the explanation still 
further by postulating the injury theory, his idea being that injury to 
the heart muscle as the result of dilatation may be the reason for the 
ultimate hypertrophy. 



Fig. 1. Fig. 2. 

Fig. 1. — R. B. Teleoroentgenogram of heart and aorta, iliofemoral arteriovenous 
fistula open, before compression.. Longitudinal diameter of heart, 1C. 3 cm.; transverse 
diameter, 15 cm. (Matas). 

Fig. 2. — R. B. Teleoroentgenogram of heart and aorta, fifty-two days after sur* 
gical suppression of the fistula. Longitudinal diameter of heart 14.8 cm. ; transverse 
diameter, 13.3 cm. (Matas). 

In 1936, Walker 17 discussed the “reversible heart” under three head- 
ings: arteriovenous aneurysm, beriberi, and myxedema. His chief con- 
tribution was to emphasize the fact that the hypertrophy is not always 
permanently irreversible, as was then rather generally supposed, but 
is frequently, if not usually, curable. 

Also in 1936, Rosenblatt 18 discussed cardiac enlargement associated 
with chronic pulmonary tuberculosis. The enlargement may be very 
marked, but the institution of intensive diuretic therapy frequently re- 
sults in a return to normal cardiac dimensions. 
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Some of the cases of arteriovenous aneurysm described by Matas in 
1923 (Figs. 1 and 2) furnished the first opportunity for one of us 
(B. R. H.) to study the condition now known as “reversible heart.” 
The case reported herewith was one of congenital cavernous hemangioma. 
Only the cardiovascular aspect is dealt with here; the surgical considera- 
tions will be presented elsewhere (R. M.). 

CASE REPORT 

C. C., a white man, was first seen by us in 1925, at which time he was 21 
years of age. We have no very satisfactory account of his early history-. At the 
age of 3 years, after apparently normal development up to that time, the little 
finger on the right hand had become discolored and later ulcerated. Some years 
later the same condition seems to have recurred, but no definite diagnosis was 
made. The patient was next heard of in 1920, at which time he registered at the 
Mayo Clinic because of an extensive cavernous hemangioma involving the right hand 
and lower forearm. After a thorough study there, the affected extremity was am- 
putated above the involved area. A year later the condition recurred in the stump 
and a diagnosis of congenital subclavian arteriovenous fistula was made. Marked 
cardiac enlargement was reported at the same time. 

Early in 1925, during the course of a routine college medical examination, the 
patient was told that lie had an ‘'enormous” heart, a statement which confirmed 
the previous report from the Mayo Clinic and apparently proved the persistence 
of the cardiac enlargement over the intervening four-year period. The chief symp- 
toms at this time were dyspnea and easy fatigue. 

Botli of these symptoms were very marked when the patient was first seen by 
us in March of the same year. Dyspnea was distressing, and the mere act of 
undressing for the examination completely exhausted him. Physical examination re- 
vealed a tremendous conical enlargement of the stump of the right forearm (Pig. 3) 
due to the presence of a large, spongy hemangioma; the diameter of the stump 
was 17.5 cm. A loud systolic murmur was audible over the entire precordium, but 
was heard best over the mitral and pulmonic areas. A teleoroentgenogram showed 
that the heart occupied the entire thorax and was enlarged in all diameters (Fig. 4). 
The blood pressure was 130/S0 in the left arm and 102/S0 in the right arm, in 
which it rose to 130/S0 when the hemangioma was tightly squeezed. This maneuver 
was associated with a marked slowing of the pulse rate (Branham ’s syndrome) . 

A month after the patient was first seen, Matas ligated the third portion of the 
right subclavian artery. The local hemangiomatous signs promptly disappeared but 
returned almost as promptly, and the patient was practically incapacitated by 
dyspnea. Three weeks after the first operation the right arm was disarticulated 
at the shoulder joint. 

Improvement after the second operation was prompt and marked. Two months 
later the heart was apparently normal in size, the diameter having been reduced 
from 17.5 cm. to 13.5 cm. (Fig. 5). The murmur had completely disappeared, and 
from the clinical standpoint the patient seemed entirely normal. 

Nothing more was heard of him until 1933, when it was reported to us by Singer, 
of St. Louis, that he had contracted a severe toxic pneumonia, accompanied by 
cardiac collapse, from which he had recovered after a very tedious convalescence. 
In March, 193G, the patient again consulted Singer because of a recurrence of the 
hemangioma at the site of the scar and in the right axilla. The hcaii at this 
time was normal in size (Fig. 6). A month later Matas removed the entire heman- 
giomatous mass, and the patient received several x-ray treatments. Radiographic 
and cardiovascular studies showed that the heart was normal in size (Fig. 7) and 
adequate in function. 
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A. B. 

Fig. 3. — -A. C. C-. aged 19 years. Note recurrence and spread of angioma in 
stump of forearm (April 1, 1923). 

B. C. C.. aged 21 years. After ligation of subclavian vessels, with consequent 
temporary improvement, three weeks later (April 24, 1925) arm was disarticulated at 
the shoulder. 





Fig. 4.— C. C. Plate taken in March, 1925, showing greatly enlarged heart. 

In March, TOUT, the patient again consulted us because of a recurrence of the 
hemangioma in the right submammary region. The heart was markedly enlarged; 
a teleoroentgenogram showed a transverse diameter of 15.8 cm. and a semithorncic 
diameter of 13.5 cm. (Fig. S). 

At this time the patient was 35 years of age and weighed 149 pounds. The 
pulse rate when he was at rest was SO, and the blood pressure in the left arm 
140/85. The heart sounds were of good quality, there was no arrhythmia, and no 
murmurs were heard. The aortic second sound was louder than the pulmonic second 
sound, but neither was accentuated. 
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Because of the definite cardiac enlargement several tests of function were done. 
The circulation time (by the decliolin method from arm to tongue) was fourteen 
seconds. The response to the Master two-step test was normal, and the vital capacity 
was 4.2 liters. Since the heart was apparently capable of efficient function, the 
patient was discharged after ,n course of roentgenotherapy. When he was last 
heard from, in December, 1937, he stated that he had been married for two months, 
and although he was working harder than he had ever worked before, because of 
his assumption of new obligations, he “felt better than he had ever felt in his life.” 



FIs. 5. Fig. 6. 

Fig. 5. — C. C. View showing' diminution in size of heart following ligation of 
subclavian vessels and disarticulation of right arm at the shoulder joint. 

Fig. 6. — C. C. Plate taken eleven years after operation shows normal heart, in 
spite of recurrence of hemangioma at site of scar and in right axilla. 



Fig. 


Fig. S. 


h ig. i. C. C. Kadiographic study one month after removal of hemangiomatous 
mass shows heart normal in size. 

F'g- 8.— C. C. View taken in March, 1937, shows a markedly enlarged heart. 
There has been a recurrence of the hemangioma in right submammary region. 
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DISCUSSION 

It is now generally accepted that no single factor will explain all 
kinds of cardiac enlargement, especially those in which there is a vary- 
ing degree of reversibility. It is also believed that the cardiac enlarge- 
ment which follows vitamin deficiency, for instance, differs from the 
enlargement associated with arteriovenous aneurysm, even though in 
both conditions the same basic factors might play some part in the pro- 
duction of the enlargement. 

It is our own idea that the mechanism causing the cardiac enlarge- 
ment in this case is substantially the same as the now thoroughly under- 
stood mechanism which produces the increase in the size of the heart in 
cases of arteriovenous fistula, as postulated by Eyster. We have no 
specific evidence to confirm or disprove any special theory, but we feel 
that in our own ease there was a true mass hypertrophy of the heart, 
as well as an initial dilatation. It does not seem plausible that cardiac 
dilatation without hypertrophy could exist over as long a period of time 
as it did in this case without the occurrence of heart failure. It is not 
necessary to commit oneself to a special theory, however, to comprehend 
what apparently happened in this case. Radiographic evidence showed 
that a heart which had been dilated and hypertrophied for at least six 
years l-eturned to approximately normal size and functioned efficiently. 
Twelve years later the cardiac dilatation and hypertrophy recurred, yet 
the heart, by standard adequacy tests, was shown to be capable of carry- 
ing on its physiologic function in an apparently normal manner. 

SUMMARY 

1. Congenital hemangioma of the upper extremity has been added to 
the group of diseases which produce the condition known as “reversible 
heart. ’ ’ 

2. In the case reported, definite cardiac enlargement had persisted 
for four years prior to amputation of the right arm and forearm for a 
cavernous hemangioma: after operation the cardiac dimensions returned 
to normal size. Twelve years later the heart again became enlarged, 
following a metastasis or activation of hem angiomatous “nests” in the 
right submammary region. Adequacy tests, however, revealed cardiac 
competency. 

3. The mechanism of the cardiac enlargement in this case is discussed, 
and the injury theory of Eyster is accepted as the underlying cause of 
the hypertrophy, just as it is the most reasonable explanation for the 
reversible cardiac enlargement associated with arteriovenous fistula. 
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CALCAREOUS DISEASE OF THE AORTIC VALVE 
A Study of Two Hundred Twenty-Eigiit Cases* 

Thomas J. Dry, M.B., and Fredrick A. 'Willius, M.D. 

Rochester, Minn. 

/CALCAREOUS disease of the aortic valve was regarded for many 
^ years as somewhat of a pathologic curiosity. Since its original 
description by Monckeberg, 1 in 1904, there lias been much speculation 
regarding its etiology. Such speculation has found expression, for the 
most part, in hypotheses postulating either an atherosclerotic 2 ' 5 or an 
inflammatory origin. 0 ' 9 Regarding the latter, both rheumatic and non- 
rheumatic infections have been incriminated, and the intriguing but un- 
supported supposition that calcareous disease of the aortic valve repre- 
sents the healed stage of subacute bacterial endocarditis has been enter- 
tained. 

There are several important reasons why the earlier investigations of 
isolated examples or of small groups of cases yielded information which 
placed calcareous disease of the aortic valve in a category somewhat out 
of relationship with the conventional and well-recognized forms of 
cardiac disease. Those reasons were the belief that calcareous disease of 
the aortic valve was rare, that its distribution as regards sex was pecul- 
iar, that its clinical behavior differed in many respects from that of the 
better known forms of inflammatory heart disease, and, finally, that diag- 
nostic criteria had not been recognized by the clinician until relatively 
recent years. That a disease characterized by rather dramatic physical 
signs should have escaped attention even through that phase of the his- 
tory of diagnosis in which particular heed was paid to cardiac murmurs 
is quite surprising. Perhaps the one factor which has served as the main 
stimulus in reviving interest in calcareous disease of the aortic valve has 
been the development of a fluoroscopic procedure whereby calcified aortic 
leaflets can be visualized during life (Fig. I). 10 ' 14 Occasionally, deposi- 
tion of calcium is sufficiently extensive to permit its demonstration on 
the roentgenogram (Fig. 1). In this connection it is interesting to note 
that Christian, 0 impressed by the marked degree of calcification found in 
the group of cases which he reported in 1931, predicted the feasibility of 
demonstrating these calcified leaflets by roentgenologic examination. 

Since the review of our material was begun, Clawson, Noble, and Luf- 
kin 15 have published an analysis of 200 cases of calcified aortic valve 
studied at necropsy. They noted, as have previous writers, its preponder- 
ance among males and its high incidence in the older age groups. With 
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due emphasis on the pathologic features and possible etiologic factors, 
their studies indicate that a “history of rheumatism” and stigmas of 
previous rheumatic infection (namely, deformities of the mitral or other 
valves, adherent pericardium, presence of Aschoff nodules in the myo- 
cardium, microscopic evidence of proliferative inflammation, and pres- 
ence of blood vessels in the cusps and rings) occurred with almost the 
same frequency in calcareous disease of the aortic valve as in other 
healed rheumatic deformities of the valve. 



Fi^. 1. — Calcareous disease of the aortic valve in which calcification was sufficiently 
extensive to be demonstrable roentgenographically. This condition usually is demon- 
strable fluoroscopically only. 


In order to avoid confusion, we wish to describe very briefly the es- 
sential criteria which have been defined as diagnostic of calcareous ste- 
nosis of the aortic valve. 0 A loud, rough systolic bruit is present over 
the base of the heart and is conducted into the vessels of the neck and, in 
many instances, over the entire precordium. The second heart tone is 
absent or diminished in intensity and, in those cases in which there is an 
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associated aortic regurgitation, it is replaced dr a soft, blomins diastolic 
murmur. A tirrill is usually palpable over tie upper part of the sternal 
region. Evidence of c-ardiac hypertrophy usually can he elicited, and 
roentgenologic examination reveals the presence of deposits of calcium 
mithin the aortic cusps or annulus. 

XIATESIAL EOS STUDY 

In the present study the material at our disposal mas arranged in 
groups for reasons that mill become evident. Group 1 consisted of 106 
eases of calcareous disease of the aortic valve mith data obtained clini- 
cally and at necropsy. Group 2 consisted of ninety eases in mhieh all the 
criteria necessary to permit a clinical diagnosis of calcareous stenosis of 
the aortic valve mere satisfied, and calcification in the leaflets of the valve 
or in the annulus mas demonstrated finoroseopieally. T his group repre- 
sents eases observed in the years 1938 to 1937, inclusive, and is distrib- 
uted as folloms: 1933, four cases: 1934, fourteen eases; 1935, seventeen 
eases: 1936. thirty-three cases: 1937 (part) tmenty-tmo cases. Group 3 
consisted of thirty-tmo cases of roentgenologic-ally demonstrable calcifica- 
tion of the aortic leaflets, in mhieh, according to the concepts laid dornn 
in the earlier literature, not all of the criteria necessary to permit a clini- 
cal diagnosis of calcareous stenosis of the aoriie valve mere satisfied. The 
main differences betmeen group 3 and group 2 consist, of preservation of 
the second sonic sound in the cases of group 3, mhieh me regarded as 
indicative of dynamic- function of the leaflets, the less constant occur- 
rence of a basal thrill in the eases of group 3. less evidence clinic-ally of 
cardiac- hypertrophy, and, on the mhole, femer c-ardiac symptoms in the 
cases of group 3. Because of these differences, these cases, mhen en- 
countered c lini cally, mere catalogued separately as “'calcified aortic 
valves.” But in the light ox information subsequently disclosed in the 
elinic-opathologic- survey of cases of calcareous disease of the aortic valve 
in mhieh necropsy mas performed, me feel satisfied that these c-ases should 
be classified mith the second group, and that they represent, as me mill 
shorn presently, definite hut milder degrees of stenosis of the aortic valve 
(graded 1 and 2 on the basis of 1 to 4) mith lesser degrees of calcifica- 
tion of the aortic leaflets : for the sake of clarity, they mill be considered 
separately for the time being. 

Controls . — A survey mas made of 2,616 consecutive necropsies per- 
formed during the period 1933 to 1937, inclusive, to ascertain the inci- 
dence of calcareous disease of the aortic valve among all varieties or 
healed rheumatic valvular disease. There mere 127 instances (4.S per 
cent of all necropsies’) in mhieh some variety of healed valvular defect 
mas found. Of these, tmenty-three (18.1 per cent) mere found to be 
calcareous disease of the aortic valve (0.9 per cent of all necropsies). 

Beviem mas made of 106 eases of mitral stenosis in the general material 
obtained at necropsy mith reference to history of rheumatic fever, as- 
sociated valvular involvement, and adherent pericarditis. In 63 per c-ent 
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of cases a history of rheumatic fever had been obtained; associated 
valvular disease was found in 63 per cent, and there was evidence of 
healed rheumatic pericarditis in 23 per cent. 

PATHOLOGIC DATA 

Degrees of Stenosis and Calcification of the Aortic Valve. — It Avas ap- 
parent immediately that the degree of stenosis of the aortic valve varied 
considerably. In eighteen eases the degree of stenosis Avas extreme 
(grade 4). In many of these the degree of fusion and calcification of 
the cusps had reduced the aortic opening to a mere slit (6 to 7 mm. by 
2 to 3 mm.) and, in one case, there Avas complete fusion of all the cusps, 
a fenestration through one cusp affording the only opening from the left 
ventricle into the aorta. In forty eases stenosis Avas marked (grade 3). 
In forty-fh r e cases stenosis was considered moderate in degree (grade 
2). The degree of fusion of the cusps Avas less marked than in the pre- 
vious group but, at the same time, the orifice of the aortic valve Avas 
diminished definitely in size. Finally, there Avere three cases in Avhich 
stenosis Avas minimal (grade 1), but there Avas unmistakable evidence of 
calcification, most marked in the region of the aortic ring. 

In order to illustrate clearly the picture of calcareous disease of the 
aortic valve Avith minimal stenosis, complete details relative to one of 
these three cases are presented. A man, aged 68 years at the time of his 
death in 1937, Avas first seen at the Mayo Clinic in 1920. In the seventeen 
years that followed he Avas examined on many occasions by one of us 
(F. A. W.). At his first visit it Avas noted that there AA r as a soft systolic 
murmur audible at the aortic and mitral areas. He had no cardiac com- 
plaints and his blood pressure Avas 140/74. Four years later he returned 
and gave a history of short attacks of paroxysmal tachycardia and com- 
plained of heart consciousness. The objective manifestations Avere es- 
sentially the same as on previous visits except that the bruit Avas de- 
scribed as being definitely aortic in situation, and accentuation of the 
second aortic sound Avas noted. There Avas no evidence of diminished 
tolerance for exercise, and the electrocardiographic examination gaA r e 
evidence of a rate of 107, sinus tachycardia, and left ventricular pre- 
ponderance. Several visits in the succeeding nine years disclosed no new 
features; the only cardiac complaints noted were relative to the patient’s 
consciousness of extrasystoles. The aortic systolic bruit Avas attributed to 
aortic sclerosis. In 1935 he returned for a general examination. Apart 
from palpitation, neAv cardiac symptoms had not developed, and the 
physical findings corresponded Avith those of previous visits. The second 
aortic sound again Avas described as distinct and accentuated. On this 
occasion fluoroscopic examination of the aortic valve Avas carried out and 
this revealed calcification of the aortic leaflets. Electrocardiographic 
examination gave evidence of a rate of 73, sinus rhythm, left ventricular 
preponderance, and delayed A-Y conduction (the P-R interval measured 
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0.28 second). After the administration of % 00 grain (0.0006 gm.) of 
atropine sulfate subcutaneously, however, the A-V conduction time meas- 
ured 0.20 second, indicating that the conductive defect previously noted 
was not caused by organic cardiac disease. The patient’s blood pressure 
was 160/84, and examination of the ocular fundi revealed slight sclerosis 
of the retinal arteries. 

The patient returned in 1937 because of rapid decline in general 
health, and succumbed to widespread metastasis to bone from sarcoma of 
the mesentery. Throughout his entire history there was neither sig- 
nificant evidence of limitation of cardiac reserve nor evidence clinically 
or roentgenologically of much cardiac hypertrophy. At no time was a 
thrill elicited. At necropsy the heart weighed 420 gm. The aortic leaflets 
showed definite calcification macroseopically, but not to the extent of 
rendering the cusp as rigid as in the more advanced degrees of calcifica- 
tion. There was only slight fusion of the margins of the cusps. The 
coronary arteries, as well as the aorta, were extremely arteriosclerotic, hi 
marked contrast with most of the eases in which there were higher de- 
grees of stenosis of the aortic valve. In summary, this case is an example 
of comparatively minimal calcareous disease of the aortic valve, with 
minimal stenosis, presenting physical signs which do not satisfy, for very 
obvious reasons, all the criteria previously described as diagnostic of 
calcareous stenosis of the aortic valve. By the same token, the mechanical 
disadvantage imposed on the left ventricle by the presence of such ste- 
nosis is not great enough to result in marked cardiac hypertrophy or in 
appreciable limitation of cardiac reserve. We wish to emphasize, further, 
that this lesion was present seventeen years before death and, unques- 
tionably, had its inception many years before the patient first came 
under our observation. 

The degree of calcification, in the majority of cases, paralleled the 
degree of stenosis (Fig. 2). In some eases, there was an extension of 
calcification to the ventricular wall, involving secondarily the aortic cusp 
of the mitral valve and, in three instances, there was extension into the 
base of the aorta in such a way as to obstruct the orifices of one or both 
coronary arteries. Interestingly enough, all three patients died sud- 
denly. At times, calcification was disposed in the form of irregular 
cauliflower-lilce masses or nodules, suggesting that the calcifying process 
had effected a stony metamorphosis in a previously inflammatory vegeta- 
tion, an appearance which, no doubt, suggested the possibility to some 
investigators that the disease represents the healed stage of subacute 
bacterial endocarditis. 

STIGMAS OF PREVIOUS RHEUMATIC INFECTION (CASES IN WHICH 
NECROPSY WAS PERFORMED) 

History of Rheumatic Fever . — Single or repeated attacks of acute 
rheumatic fever were recorded in sixteen of the 106 cases. 




Pig. 2. — Gross and roentgenographic appearance of varying degrees of stenosis and calcification of the aortic valve. 
a, Stenosis and calcification, grade 1 [note minimal calcification of the aortic ring and leaflets indicated by arrows, 
and marked calcification in the coronary vessels (a) and aortic arch (b)]; b, stenosis and calcification, grade 2; c, 
stenosis and calcification, grade 3 ; d, stenosis and calcification, grade 1. 
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Associated Valvular Disease . — In many instances there were varying 
degrees of sclerosis and thickening of the leaflets of the mitral valve, 
with or without atheromatous plaques. Less frequently these changes 
were present in the other valves as well. Because they occurred as fre- 
quently among other individuals of the same age, no particular sig- 
nificance was attached to these changes. However, when there was 
shortening or fusion of the chordae tendincae and narrowing of the 
mitral orifice, we felt that we were dealing with definite evidence of 
healed rheumatic endocarditis. The degree of mitral stenosis varied from 
mild degrees to the classical “fish-mouth” type. On this basis, we found 
mitral stenosis present in fifteen cases, in twelve of which there was a 
history of rheumatic fever; endocarditis of the mitral and tricuspid 
valves was found in five eases, in two of which there was a history of 
rheumatic fever; endocarditis of the mitral, tricuspid and pulmonic 
valves was found in one ease, in which there was also a history of rheu- 
matic fever; and endocarditis of the tricuspid valve was found in one 
ease. 

Pericarditis. — In four eases there was an extensive obliterative type of 
adhesive pericarditis, in two of which there was a history of previous 
rheumatic fever. There was nothing to indicate that these cases of 
pericarditis were the result of secondary extension from suppurative dis- 
ease of the lungs. 

In all there were twenty-five cases (23.5 per cent) in which there was 
definite evidence of associated lesions representing the healed stage of 
rheumatic infection, a lower incidence than that associated with mitral 
stenosis (37 per cent). 

Weight of Heart. — The weight of the heart in ninety-six of the 105 
cases was recorded at necropsy. These weights are presented in Table I. 
Although no corrections were made for such factors as obesit 3 r and as- 
sociated hypertension, it will be noted that in eighty-two eases (85.5 per 
cent) the heart weighed more than 400 gm. 


Table I 

Weight of Heart: Ninety-Six Cases 


HEART 


1 






900-999; 

1000+ 

WEIGHT, 

GM. 

200-299 

300-399 

400-499 

500-599 

600-699 

700-799 

S00-S99 

Cases | 

1 

.13 

24 

25 

11 

11 

7 

2 1 

2 


Sclerosis of Coronary Vessels and Aorta. — Correlation of the degrees 
of stenosis and calcification of the aortic valve with the weight of the 
heart and with the degree of atherosclerosis of the coronary vessels and 
aorta is presented in Table II. The table is self-explanatory and sub- 
stantiates again the observation previously made that sclerosis of the 
aorta and coronary vessels is likely to occur in inverse proportion to the 
degree of stenosis of the aortic valve. We wish to draw attention, also, 
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to the relatively short period between the onset of symptoms and final 
failure, particularly among the eases in which there was an associated 
mitral endocarditis. 


Table II 

Correlation of Degrees of Stenosis and Calcification of the Aortic Valve 
With Weight of tiie Heart and With Degree of Atherosclerosis of Coronary 

Vessels and Aorta 
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AVERAGE 

AGE (YR.) 

stenosis, aortic 

VALVE (GRADE) 
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ASSOCIATED MITRAL 
ENDOCARDITIS, 

CASES 

IS 

54.5 

4 

3+ 

]+ 

2 

603 

3.7 

3 

40 

58. 1 

3 

•■)!- 

2 

2 

526 

2.0 

14 

45 

62.6 

2 

2+ 

o 

2+ 

477 

2.9 

9 

3 

66.0 

1 

1+ 

2 

2+ 

42S 

0 

0 


Coronary Occlusion . — Acute coronary occlusion was encountered in 
but one ease, and was the cause of death. In another case, there was a 
healed myocardial infarct. One additional case, that of a woman aged 66 
years who had diabetes, requires special comment, in that she had ex- 
perienced an attack which had all the characteristics of an acute coronary 
accident, including the classical electrocardiographic pattern and in- 
creased sedimentation rate ; yet, when necropsy was performed there was 
no indication that such an event had occurred. 

Causes of Death . — The causes of death may be summarized as follows : 
Thirty-two patients died of congestive heart failure (30.5 per cent). 
Eighteen patients died suddenly (17.0 per cent). Four of these patients 
had congestive failure and death occurred while the patient was under 
treatment. The response of each patient to therapy had been satisfactory 
up to the time of death. Five patients died of subacute bacterial endo- 
carditis (4.7 per cent), one of acute coronary occlusion (0.9 per cent), 
and fifty died owing to causes not cardiac in origin (47 per cent). 

It is noteworthy that, of the twenty-six patients who had associated 
mitral disease, the death of twenty-one patients (81 per cent) could be 
attributed directly or indirectly to the cardiac disease present. Thus, 
eleven patients died of congestive failure, five died suddenly, three died 
as a result of embolic phenomena, and two of superimposed subacute 
bacterial endocarditis. 

It is also of interest to note that the majority of patients who died 
when the syndrome of congestive heart failure was present responded to 
therapy in a rather disappointing manner, compared with the response 
obtained from those who had congestive failure due to other causes. 
Symptoms are likely to remain in abeyance for many years, but with the 
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onset of myocardial failure the outlook becomes serious. One other aspect 
which influences prognosis considerably is the high incidence of sudden 
death of patients who frequently present little, if any, evidence of heart 
disease. In an attempt to gain further information with regard to the 
type of patient who is likely to die suddenly, we have analyzed critically 
the data relative to this group of cases, the details of which are presented 
in Table III. 


Table III 


Patients Who Died Suddenly 


NUM- 

BER 

AGE, 

YEARS 

AND 

SEX 

POST-MORTEM FINI)IN«S 

REMARKS 

STENOSIS, 

GRADE 

CALCIFICATION, 

GRADE 

WEIGHT 

OF 

HEART, 

GM. 

CORONARY 

SCLEROSIS, 

GRADE 

1 

63 

M 

3 

3 

5S6 

*J 

o 

Apparently good 
health 

2 

54 

M 

4 

4 

543 

3 

History of syn- 
copal attacks 

3 


3+ 

3 

520 

3 

Recent uneventful 
abdominal opera- 
tion 

4 

62 

M 

4 

4 

646 


History of angina 
pectoris 

5 

3S 

M 

4 

4 

i 

565 

2 

Apparently good 
health 

6 

79 

M 

3 

4 

740 

4 

Previous history 
not available 

7 

71 

M 

4 

4 

600 

3 

Healed infarcts ; 
history of angina 

S 

57 

F 

3+ 

3+ 

x2 

0 

Dyspnea on exer- 
tion for one year 

9 

64 

M 

3+ 

3+ 

470 

2 

History of angina 

10 

64 

M 

3+ 

4 

S21 

2 

Calcification o f 

aortic valve ex- 
tended to coro- 
nary orifices. 

Number 10 gave 
a history of an- 
gina pectoris 

11 


4 

4 

573 

0 

12 1 

46 | 
M 

2+ 

4 

970 

0 

13* 

45 

F 

2 J r 

2+ 

360 

2 

Was being treated 
for congestive 
heart failure and 
was responding 
well to treatment 
before death 

14 

72 

F 

3+ 

3+ 

531 

3+ 

15t 

46 

M 

3+ 

3+ 

S92 

i+ 

16* 

42 

F 

3+ 

3 

655 

0 

17 

75 

M 

2 

2+ 

550 

3 

Calculus of bladder 
removed six weeks 
before death 

* 

CO 

T— i 

56 

F 

3 

3 

434 

1+ 

Thyroidectomy _ 
performed; doing 
well before death 


‘Associated mitral stenosis. 

fAdhesive pericarditis obliterating' two-thirds of pericardial cavity. 
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We wish to draw attention to the following facts arising from this 
analysis. 1. Fifteen of the eighteen patients who died suddenly had a 
marked degree of stenosis and calcification of the aortic valve. 2. In 
fourteen of the eighteen subjects, the heart weighed more than 500 gm., 
and in one other it was described as being twice the normal size. 3. Acute 
myocardial infarction was not responsible for the death of any of these 
patients. 4. Seven patients had severe coronary sclerosis. 5. Four pa- 
tients gave a history of angina pectoris. 6. Three patients are of unusual 
interest in that, although coronary sclerosis was minimal or entirely 
absent, calcification of the aortic valve had extended to the region of the 
coronary ostia and was causing partial obstruction to flow of blood in the 
coronary vessels. Up to the time of their unexpected and sudden death, 
these patients had pursued their respective occupations. One of them 
gave a history of angina pectoris but others gave little, if any, history 
suggestive of much limitation of cardiac reserve. 

CLINICAL DATA 

Distribution According to Sex . — Group 1 was composed of eighty-eight 
men and eighteen women ; group 2 was composed of sixty-eight men and 
twenty-two women ; group 3 was composed of twenty-seven men and five 
women. In all, there were 183 men and forty-five women, a ratio of 4:1. 

Distribution According to Age . — In group 1 (106 subjects on whom 
necropsy was performed), ages ranged from 22 to 87 years; the average 
was 58.8 years. The average age of the men was 63.4 years, ranging from 
22 to 87 years. The average age of the women was 43.2 years, ranging 
from 29 to 72 years. The distribution by decades is illustrated in 
Table IV. 

Table TV 

Distribution According to Age 


AGE 

GROUP 1 

GROUP 2 

GROUP 3 

TOTAL 

MALE 

FEMALE 


MALE 

FEMALE 

TOTAL 

MALE 

FEMALE 

20-29 

3 

2 

1 

4 



0 

0 



5 

4 

1 

12 



2 

1 

1 


20 

16 

4 

15 

12 


3 

2 

1 

50-59 

24 

19 

5 

24 

IS 

6 

11 

10 

1 


30 

24 

6 

20 

17 

3 

12 

11 

1 

70-79 

20 

19 

1 

14 

10 

4 

4 

3 

1 


5 

5 

0 

1 

1 

0 

0 

0 


Totals 

106 

88 

18 

90 

68 

22 

32 

27 

5 

Average 

total 

58.S 

53.6 

59.4 

Average 

males 

63.4 

54.0 

60.0 

Average 

females 

43.2 

51.4 

56.4 


In group 2 (ninety patients studied clinically with confirmation of the 
diagnosis by fluoroscopic examination), the ages ranged from 23 to 86 
years; the average was 53.6 years. The average age of the men was 54 
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years, ranging from 25 to 86 years. The average age of the women was 
51.4 years, ranging from 23 to 7S years. The distribution by decades is 
illustrated in Table IV. 

In group 3 (thirty patients studied clinically with confirmation of the 
diagnosis by fluoroscopic examination, but with findings on physical 
examination which were atypical), ages ranged from 38 to 78 years; the 
average was 59.4 years. The average age of the men was 60 years, rang- 
ing from 38 years to 72 years. The average age of the women, as in the 
other groups, was lower than that of the men, 56.4 years, ranging from 
38 to 78 years. The distribution by decades is illustrated in Table IV. 

STIGMAS OF PREVIOUS RHEUMATIC INFECTION (CLINICAL CASES) 

Previous Rheumatic Infection . — Thirty patients belonging to group 2 
and four patients belonging to group 3 gave a history of rheumatic fever. 
Together with the sixteen subjects belonging to the group on whom ne- 
cropsy was performed, there were fifty patients in all (22 per cent) Avho 
had given a history of rheumatic fever. 

Associated Valvular Disease . — Already we have mentioned that evi- 
dence of healed rheumatic lesions of one kind or another was found at 
necropsy in 23.5 per cent of cases of calcareous disease of the aortic valve. 
In group 2, a clinical diagnosis of associated mitral stenosis was made in 
six instances. Examination of three of these fluoroscopically gave evi- 
dence of calcification of mitral leaflets, although in three additional cases 
there was also fluoroscopic evidence of mitral calcification. Calcification 
of the mitral valve also was demonstrated fluoroscopically in two cases 
belonging to group 3. 

Symptoms and Signs . — One of the striking features of the group as a 
whole is the insidiousness with which cardiac hypertrophy can reach 
gross proportions with little or no evidence clinically of interference with 
myocardial efficiency. This can only mean that the process of stenosis 
develops very gradually and that myocardial nutrition is maintained by 
an adequate coronary circulation. Our findings substantiate such a 
premise very strongly, and the clinical records reveal numerous instances 
of long-standing valvular disease in which the bruits discovered in earlier 
and repeated examinations corresponded with those which, years later, 
proved to be the result of calcareous disease of the aortic valve. Further- 
more, there are instances in which the information was less accurate hut 
in which the known presence of murmurs had covered a period of many 
years, in some cases, forty years or more. • 

When symptoms do arise, they are essentially those of myocardial in- 
sufficiency or of coronary insufficiency, a circumstance determined more 
by the process of stenosis than by associated disease of the coronary ves- 
sels and, as has been pointed out previously, the onset of symptoms in the 
majority of instances ushered in the final stages of the disease. 
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111 Table V, the incidence of the individual symptoms is presented. It 
is to be recalled that group 1 is comprised of cases of all degrees of 
stenosis, that group 2 consists of cases in which there was clinical evi- 
dence of the more marked degrees of stenosis, whereas in group 3 there 
is reason to believe that we were dealing with less marked degrees of 
stenosis and, hence, we observed milder symptomatology and less typical 
physical findings. It will be noted that dyspnea was the most notable 
symptom indicative of a failing myocardium. Angina pectoris, when it 
occurred, was angina of effort, and in no instance did we encounter the 
prolonged type of anginal seizures which occur at rest among some in- 
dividuals who are the victims of aortic insufficiency. The details regard- 
ing eases in which angina pectoris was a symptom are given in Table VI. 


Table Y 

Incidence of Symptoms 



GROUP 1, 
PERCENTAGE 

GROUP 2, 
PERCENTAGE 

GROUP 3, 
PERCENTAGE 

No symptoms 

29.1 

21.4 

50.0 

Dyspnea 

70.4 

83.3 

40.1 

Angina pectoris 

15.2 

24.4 

IS. 7 

Syncope or vertigo 

7.6 

10.0 

9.4 

Congestive failure 

32.4 

31.1 

12.5 

Uncertain 

6.6 

2.2 

9.4 


Vertigo and syncope (at times epileptiform in character) were en- 
countered infrequently and, in some, these manifestations were provoked 
by exercise, even in the absence of heart block. 

The characteristic bruit and thrill associated with well developed 
calcareous stenosis of the aortic valve need no further description here ; 
it is well known that, in addition, a regurgitant aortic murmur fre- 
quently is present. In our series an aortic diastolic murmur was recorded 
twenty-seven times in group 1, forty-eight times in group 2 and four 
times in group 3, that this, in 35 per cent of the entire series studied. 
This murmur is likely to be low-pitched, soft, and not easily audible. It 
is quite probable that in the earlier series comprising group 1 the 
diastolic murmur was present more frequently than the records indicate. 
It is not uncommon to find some variation in the intensity of the physical 
signs, particularly in the presence of a failing myocardium; among in- 
dividuals who have emphysema the signs also may be obscured. Usually, 
both murmurs and thrills can be elicited more readily during full expira- 
tion with the patient leaning forward or after cardiac activity has been 
increased by gentle exercise. 

Considerable attention rightly lias been paid to the nature of the 
second aortic sound. From our clinieopathologic correlations, however, 
we feel certain that definite stenosis can be present when the second 
aortic sound is normal in character. When absent or considerably re- 
duced, it can be concluded safely that the degree of stenosis is consider- 
ably advanced. 
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Table VI 


Cases in ‘Which Angina Pectoris Was a Symptom 
Data Obtained at Necropsy 


NUMBER 

AGE, YEARS 
AND SEX 

CORONARY 

SCLEROSIS, 

GRADE 

STENOSIS, 

GRADE 

WEIGHT OF 
HEART, GM. 

AORTIC 

REGURGITA- 

TION 

CAUSE OR NATURE 
OP DEATH 

1 

G4 

2 

o 

470 

0 

Sudden 


M 






Q 

•m 

31 

- 

2+ 

700 

4- 

Congestive fail- 


M 





urc 

o 

O 

on 

4 

n 

O 

500 

0 

Congestive fail- 


M 





lire 

4 

5S 

«-» 

»> 

O 

1170 

+ 

Congestive fail- 


M 





ure 

5 

04 

2 

o 

«> 

821 

0 

Sudden 


M 






0 

02 

- 

4 

040 

0 

Sudden 


M 






7 

74 

o 

O 

42S 

0 

Congestive fail- 


M 





ure 

S 

03 

1+ 

n 

O 

Oil 

4- 

Congestive fail- 


M 





ure 

9 

54 

1 

O 

77S 

0 

Uremia (hyper- 


M 





tension) 

10 

79 

3 

4 

4S0 

0 

Congestive fail- 


M 





ure 

11 

55 

4 

3 

S75 

0 

Congestive fail- 


M 




; 

ure 

12 

70 

1 

3+ 

517 

0 

Postoperative 


M 





prostatectomy 

13* 

05 . 

3+ 

O 

449 

0 

Diabetic gan- 







grene 

14 


1 

2 

510 

4- 

Congestive fail- 


IBB 





ure 

15 

50 

3+ 

•> 

o 

53S 

0 

Coronarv occlu- 


M 





si on 

16 1 

59 

3 

4 

000 

0 

Sudden 


M 







•Symptoms and signs of acute coronary occlusion developed ; not confirmed at 
necropsy. 

tHealed infarct. 


Size of the Heart . — The most eloquent expression of the almost con- 
stant presence of cardiac hypertrophy is afforded by 96 per cent of the 
subjects on whom necropsy was performed and the weight of the heart 
recorded. Remembering that stenosis varied from the mildest to the 
most extreme degree, it is of interest to note that in 85.5 per cent of the 
cases the heart weighed more than 400 gm. The term “heavy heart” 6 
which has been applied in the description of these cases is very appro- 
priate. There was definite clinical evidencp of cardiac hypertrophy in 
sixty-eight of the ninety cases in group 2 and in seventeen of the thirty- 
two cases in group 3. 

Electrocardiographic Findings . — In group 1, an electrocardiogram was 
recorded in sixty-three cases, in group 2 it was recorded in eighty-three 
cases, and in group 3 in twenty-eight cases. Thus, there was a total of 
174 records for analysis. The details of this analysis are shown in Tables 
VII, VIII, IX, andX. The composite of Tables VII, VIII, IX, and X, 
and, thus, of the electrocardiographic findings as a whole, is shown m 
Table XI. 
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Table VII 


Electrocardiographic Findings 
No Significant Changes in T-Wave 



GROUP 1 

GROUP 2 

GROUP 3 

TOTAL 

Number of cases 

23 

29 

IS 

70 

Regular rhythm 

17 

26 

17 

00 

Auricular fibrillation 

G 

3 

1 

.10 

Left axis deviation 

15 

16 

11 

42 

Right axis deviation 

o 

O 

0 

1 (si.) 

4 

No preponderance 

5 

13 

6 

24 

Delayed A-V conduction 

2 

1 

0 

3 

Complete heart block 

i 

1 

0 

2 

Bundle branch block 

0 

1 

0 

i 


Table VIII 

Electrocardiographic Findings 


T-Wave Negativity in Lead I or in Leads I and II (Including 
Diphasic T-Waves) 



GROUP 1 

GROUP 2 

GROUP 3 

TOTAL 

Number of eases 

23 

29 

7 

59 

Regular rhythm 

19 

23 

7 

49 

Auricular fibrillation 

4 

6 

0 

10 

Left axis deviation 

20 ' 

24 

4 

4S 

Right axis deviation 

0 

0 

1 (si.) 

1 

No preponderance 

3 

5 

2 

10 

Delayed A-V conduction 

2 

1 

2 

5 

Complete heart block 

0 

2 

0 

2 

Bundle branch block 

2 

5 

1 

S 


Table IX 

Electrocardiographic Findings 


T-Wave Negativity in Leads I, II, and III (Including Diphasic T-Waves) 



GROUP 1 

GROUP 2 

GROUP 3 

TOTAL 

Number of cases 

10 

16 

1 

27 

Regular rhythm 

9 

15 

1 

25 

Auricular fibrillation 

1 

1 

0 

2 

Left axis deviation 

4 

4 

0 

S 

Right axis deviation 

0 

2 (si.) 

0 

2 

No preponderance 

6 

10 

1 

17 

Delayed A-V conduction 

0 

° 1 

0 

O 

Complete heart block 

0 

0 

0 

0 

Bundle branch block 

1 

0 | 

0 

1 


Table X 

Electrocardiographic Findings 


T-Wave Negativity in Leads II and III (Including Diphasic T-Waves) 


1 

GROUP 1 

GROUP 2 

GROUP 3 

TOTAL 

Number of cases 

7 

9 

2 

IS 

Regular rhythm 

6 

7 

2 

15 

Auricular fibrillation 

1 1 

2 

0 

3 

Left axis deviation 

2 

i 

1 

4 

Right axis deviation 

4 

2 

0 

6 

No preponderance 

1 

6 

1 

S 

Delayed A-V conduction 

1 

1 

0 

2 

Complete heart block 

0 

0 

0 

0 

Bundle branch block 

0 

o 

0 

0 
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Table XI 

Summary op Electrocardiographic Findings, 174 Gases* 



CASES 

PEE CENT 

REMARKS 

Regular rhythm 

149 

S5 


Auricular fibrillation 

25 

15 

In one case, auricular flutter 
alternated with auricular 
fibrillation 

Left axis deviation 

102 

5S.C) 

Right axis deviation 

27 

15.5 


No preponderance 

59 

34 


No significant changes in T-wave 

70 

40.2 


Inversion of T-wave in Lead 1 or in 

59 

34 

Including diphasic T-waves 

Leads I and II 



Inversion of T-wave in Leads I, 11, 

27 

1 5.5 

Including diphasic T-waves 

and III 



Inversion of T-wave in Leads 11 and 

IS 


Including diphasic T-waves 

III 



Disturbance of conduction 

27 




'Composite of Tables VII, VIII, IX. anil X. 


Critical analysis of these electrocardiographic findings shows that they 
conform essentially to patterns consistent with established physical laws 
of electrocardiography. In short, an aortic lesion throws added strain 
on the left ventricle and, in most cases, this is indicated in the electro- 
cardiogram by left axis deviation, and, should changes in the T-wave 
occur, Lead I or Leads I and II will be affected . 10 

Of special interest are the other cases in which, despite the presence of 
a mechanism capable of producing left ventricular strain and the con- 
ventional changes in the T-waves mentioned, there were changes either in 
all three leads or in Leads II and III. The latter group is dismissed 
easily, for we find that in the seven cases in which necropsy was per- 
formed and in which changes in the T-wave had occurred in Leads II 
and III, a complicating factor consistent with such a pattern was present 
in six. Thus, in four cases there was an associated mitral stenosis, and in 
one there was an advanced degree of pulmonary arteriolar sclerosis. The 
fact that the electrocardiograms of four of the five patients mentioned 
gave evidence also of right axis deviation confirms the contention that, 
in the differential effect on the two ventricles, right ventricular strain 
predominated. The electrocardiogram of the fifth patient gave evidence 
of left axis deviation, but he had taken digitalis to the point of vomiting 
and the changes in the T-wave in the second and third leads were un- 
doubtedly the result of intoxication by digitalis. The sixth patient died 
as a result of extensive infarction involving the lateral wall of the left 
ventricle. There was also a healed infarct in the posterior basal portion 
of the left ventricle, providing again adequate explanation of the result- 
ing electrocardiographic pattern. There are two records available in the 
seventh case. The first showed inversion of the T-wave in Lead III only, 
whereas in a second electrocardiogram, taken a few weeks later, the 
T-waves in both the second and third leads were inverted. This patient 
died as a result of widespread metastasis from carcinoma of the thyroid 
gland, but there was no evidence of metastatic involvement of the heart. 
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We were interested in studying the differential effect on the two ven- 
tricles caused by lesions involving both the aortic and mitral valves, in- 
cluding the eases of mitral stenosis associated with tricuspid endocarditis. 
There were twenty-two such records among the group of eases in which 
necropsy was performed. On electrocardiographic examination, left axis 
deviation had been noted in thirteen of these, of which seven showed 
changes in the T-wave in Lead I or in Leads I and II and only two showed 
changes in the T-wave in Leads II and III, one of which was the ease 
already mentioned in which overdigitalization had occurred. In none of 
these thirteen eases was auricular fibrillation present. Right axis devia- 
tion had been noted in two cases, in both of which there was inversion of 
the T-wave in Leads II and III, conforming again to recognized laws of 
electrocardiographic behavior. In the remaining seven cases neither 
ventricle showed preponderance, and changes in the T-wave followed no 
special pattern. It is noteworthy that auricular fibrillation, which had 
occurred in five cases, was associated with either right axis deviation or 
with no preponderance of either ventricle, except in one case ; this sug- 
gests that, as long as the left ventricle carries the major load, the auricles 
are far less likely to fibrillate than when the reverse is true. 

In considering the ten cases in which necropsy was performed and in 
which changes in the T-wave had affected all three leads, mitral stenosis 
was present in four cases, and in one of these there was extensive ad- 
hesive pericarditis. In the remaining six eases there were no additional 
factors found which might have influenced the pattern of the T-wave. 
In this group of ten cases left axis deviation had been noted in only two ; 
the remaining ones gave no evidence of preponderance of either ventricle. 

Blood Pressure . — It has been commented on previously that the blood 
pressure seldom is elevated in this disease and that the pulse pressure is 
low, reflecting the effect of stenosis of the aortic orifice. Although this is 
essentially true in many instances, a survey of a large group of cases 
shows much variation in the height of both systolic blood pressure and 
pulse pressure; hypertension and aortic regurgitation constitute the 
main reasons for this variability. Differential analysis of blood pressure 
readings in the various groups which constitute our series is of interest. 
Thus, in group 1, which is composed of cases of all grades of aortic 
stenosis, the blood pressure of 38 per cent of the subjects had been more 
than 150 mm. Hg systolic or more than 90 mm. diastolic, and the read- 
ings of 62 per cent had been lower than these figures. In only three in- 
stances was the systolic blood pressure more than 200 mm. Hg. In cor- 
relating the blood pressure with the degree of stenosis, it is of interest to 
note that the average degree of stenosis in those cases in which high read- 
ings had been obtained was graded 2 (on the basis of 1 to 4) and, in 50 
per cent of eases, the stenosis was graded 3 and 4 (but actually only three 
cases were graded 4), as compared with the average stenosis, graded 3. 



154 


THE AMERICAN HEART JOURNAL 


in those eases in which low readings were obtained; in 66.6 per cent of 
these eases the stenosis was graded 3 and 4 (thirteen of which were 
graded 4). 

In group 2, presenting clinical evidence of the more marked degrees of 
stenosis of the aortic valve, only 23 per cent had blood pressure readings 
higher than 150 mm. Hg systolic or 90 mm. diastolic, whereas 77 per cent 
had readings lower than these. In only two instances (2.2 per cent) was 
the systolic blood pressure found to be higher than 200 mm. Hg. 

Finally, of the patients of group 3 (presenting clinical evidence of a 
lesser degree of stenosis of the aortic valve than that of group 2), fully 
50 per cent had blood pressure readings higher than 150 mm. Hg systolic 
or 90 mm. diastolic, and three patients (10 per cent) had a systolic pres- 
sure higher than 200 mm. Hg. 

It seems, therefore, that blood pressure is influenced, in a measure, by 
the degree of stenosis of the aortic valve, and that the height of the blood 
pressure bears an indirect relationship to the degree of stenosis of the 
aortic valve present, although it must be pointed out that, even if an 
extreme degree of stenosis of the aortic valve exists (confirmed at au- 
topsy), it is possible to have severe forms of hypertension and all the 
associated changes in the peripheral vascular system that occur in cases 
of hypertension unassociated with disease of the aortic valve. 

DISCUSSION 

The evidence derived from the study of this material has led us to ac- 
cept, unequivocally, rheumatic infection as the etiologic factor in calcare- 
ous stenosis of the aortic valve. During recent years, considerable 
confusion has resulted from the belief that stenosis of the aortic valve 
represented two types of lesions: the one identified as the rheumatic 
type, the other as the calcareous type. It is not without significance 
that, in the review of our complete material obtained at necropsy, no 
instance of stenosis of the aortic valve without some degree of cal- 
cification was encountered. The lesion does occur in young individ- 
uals who give a history of rheumatic fever and it occurs in association 
with mitral stenosis, a pathologic entity universally accepted as an 
unquestionable stigma of previous rheumatic infection, and indeed the 
incidence of single or repeated episodes of rheumatic fever, as revealed 
in the history of those who have a solitary lesion of the aortic valve, 
occurs far too frequently to represent merely a coincidence. 

We must draw attention to the fact that both in Christian's group 
of twenty-one cases and in the group of forty-two cases reported by 
Margolis and others, 17 only hearts which on examination did not show 
evidence of associated valvular disease were accepted for study, aod 
it is obvious that, in this discriminate selection, the very cases which 
bear the appropriate etiologic label (in the form of healed mitral endo- 
carditis) were excluded from their respective series. Both of these 
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studies were made in 1931, before the knowledge on which much of 
this paper is based was available. Christian’s contention, nevertheless, 
was that the disease was of rheumatic origin. 

That deposition of calcium should occur in a region of low vas- 
cularity, from which inflammatory products cannot be absorbed ade- 
quately, is an expression of the phenomenon of calcification in general. 
The leaflets of the heart valves satisfy this set of circumstances per- 
fectly. 

There are several apparent objections to such an explanation. Firstly, 
it may be argued, why does not calcification occur universally in all 
healed rheumatic lesions? And secondly, why does the striking dis- 
crepancy as regards sex occur if rheumatic fever attacks both sexes 
without any appreciable discrimination? Or again, why should the 
clinical manifestations and the life history of calcareous disease of the 
aortic valve diverge so widely from those of the conventional forms of 
rheumatic carditis? The fact that it differs in its clinical behavior, in 
many respects, from the more classical varieties of rheumatic heart dis- 
ease is not an argument against its rheumatic origin. Every other 
smouldering form of chronic inflammatory disease, such as tuberculosis 
and syphilis, is associated with the same variability in its clinical course 
as well as in its predilection for certain tissue, which varies from case 
to case. We wish to present an hypothesis which answers these ques- 
tions. It is based on the belief that rheumatic infection which culmi- 
nates in calcareous disease of the aortic valve differs only in a quantita- 
tive manner, and not in any qualitative manner, from other types of 
rheumatic carditis. 

Rheumatic infection which eventually culminates in calcareous stenosis 
of the aortic valve was originally a mild form of rheumatic carditis 
which had allowed both the mitral valve and the myocardium to escape 
with minimal or no damage. By the same token, we must assume that 
although the incidence of rheumatic fever is more or less equal in the 
two sexes women do not share the same relative immunity to more seri- 
ous and widespread involvement as often as men. The gradual sclerosing 
process characteristic of rheumatic valvulitis which follows, and fusion 
of the cusps, which is part and parcel of the inflammatory reaction, 
have now set the stage for a very gradually developing stenotic process, 
a condition which satisfies the pathologic requisites for a similar, grad- 
ually progressing deposition of calcium. In the study carried out by 
Clawson and his co-workers, 84 per cent of all nonsyphilitic deformities 
of the aortic valve were found to contain calcium on gross examination. 

Thus time and a relatively efficient coronary circulation (in the early 
stages, at least) are the main factors which allow cardiac hypertrophy to 
proceed so surreptitiously that a heart of 800 gm. is found unexpectedly 
in a patient dying from an unrelated disease whose previous history 
revealed little, if any, evidence of limitation of cardiac reserve. It is 
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this factor of time which explains why calcification need not he a uni- 
versal concomitant of healed rheumatic lesions, because those harboring 
the more serious forms of the disease, especially when accompanied by 
mitral stenosis, are weeded out by death before such an event as cal- 
cification can occur, thus leaving the solitary aortic lesion, one that the 
heart tolerates far better than mitral stenosis, 18 to continue for a long 
time without embarrassing the cardiac reserve. 

Finally, the very fact that a history of rheumatic fever cannot he 
elicited more frequently than in 22 per cent of cases substantiates the 
hypothesis that the original acute inflammatory episode was mild and, 
perhaps, was so atypical that its significance could not have been real- 
ized at the time of its occurrence. 

Our material was derived largely from the middle western states 
where conditions are relatively less favorable for the occurrence of rheu- 
matic fever and where, on the whole, mild and atypical forms of the 
disease may be anticipated. It is possible that surveys in regions where 
the disease is more prevalent may show a relatively lower incidence of 
calcareous disease of the aortic valve. 

SUMMARY 

Calcareous disease of the aortic valve is not rare. We found that it 
constituted 18.1 per cent of all healed valvular defects. The criteria 
heretofore outlined for clinical recognition of calcareous stenosis of the 
aortic valve apply only to the advanced forms of the disease. How- 
ever, the physical signs of even minimal and moderate degrees of cal- 
careous stenosis and calcification of the aortic valve are sufficiently 
clearly defined to allow of clinical recognition, especially because it is 
possible to obtain confirmation by expert fluoroscopic means during the 
life of the patient. The frequency with which a history of rheumatic 
fever is obtained and stigmas of rheumatic infection are found is too 
great to be regarded merely as a casual and not a causative factor. 
There is convincing evidence that the lesion may be present in a clin- 
ically recognizable form for many years. Its very gradual progression, 
however, speaks for an initially mild valvulitis with even less involve- 
ment of the myocardium and of the other valves. Cardiac hypertrophy 
is present in a high percentage of cases and closely parallels the degree 
of aortic stenosis. Atherosclerosis of the coronary vessels and aorta 
occurs in inverse proportion to the degree of stenosis of the aortic 
valve, and coronary occlusion is extremely rare. Angina pectoris, how- 
ever, is frequently a symptom and seems to depend more on the stenotic 
process than on coronary sclerosis. 

Death is associated with congestive failure in about a third of the 
cases. Sudden death occurs in about a fifth of the cases and, in eon- 
sidering all grades of stenosis, death results from noncardiac causes in 
about half of the cases. The presence of mitral stenosis seriously mili- 
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tates against maintenance of cardiac function. The more mitral stenosis 
plays a part, the closer will the case conform to the more conventional 
forms of rheumatic heart disease. Blood pressure and pulse pressure 
readings need not be low. Well-recognized laws of electrocardiographic 
behavior determine the electrocardiographic pattern in calcareous dis- 
ease of the aortic valve. Auricular fibrillation is relatively rare when the 
electrocardiogram gives evidence of predominance of the left ventricle. 

The prognosis varies considerably, depending largely on the degree 
of stenosis and on the presence of complicating factors, especially mitral 
stenosis. Absence of the second aortic sound usually means that marked 
stenosis exists. 
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AN EVALUATION OP HEART VOLUME DETERMINATIONS BY 
THE ROHRER-KAHLSTORF FORMULA AS A CLINICAL 
METHOD OF MEASURING HE ART SIZE 

"Wilfrid J. Comeau, M.D., and Paul D. White, M.D. 

Boston, Mass. 

POR some years roentgenologists, particularly in Italy and Germany, 
*■ have been interested in clinical methods of cardiac measurement by 
which heart size might he determined more accurately than by the stand- 
ard methods of the cardiothoracie ratio or the area of the frontal sil- 
houette. It is agreed that the theoretical ideal for estimating the size of 
the heart is by determining its volume. Both the cardiothoracie ratio 
and the frontal cardiac area are measurements limited to one plane, 
while reliable volumetric determinations require measurements in at 
least two planes and theoretically should give a better concept of heart 
size. The clinical possibilities of such a method have received little at- 
tention either in this country or abroad and, consequently, it seemed 
desirable to evaluate the practical application of volumetric estimations 
of heart size in order to determine whether such a method would offer 
any advantage to the clinician over the present routine roentgenographic 
measurements of the heart. 


MATERIAL 

The material upon which this study is based consists of 100 adult males and 
seventy adult females with clinically normal hearts and forty individuals with heart 
disease. The normal material was gathered from ambulatory patients in either the 
medical or surgical wards or the outpatient department of the Massachusetts General 
Hospital and from a group of healthy subjects. The majority of the hospital pa- 
tients were in a good state of general health. Since the age in the normal group 
ranged from the second through the sixth decades of life, and since electrocardio- 
grams were not taken routinely, it is possible that some of the older individuals 
may have had slight, unrecognized coronary disease, but none had any symptomatic 
or physical evidence of heart disease. The group with abnormal hearts consisted 
mainly of individuals with the more common cardiac lesions. 

METHOD 

Reconstruction of the heart in plastic material from ortliodiagrapliic tracings 
taken in different planes is unquestionably the most accurate method of determining 
heart size, the volume of the heart being measured by water displacement of the 
model. The technique for this procedure has been described by Palmieri. 1 Accurate 
as this method may be, it is obviously impractical for clinical use. 

The alternative is a mathematical formula, of which several have been devised-- 6 
In this study we have employed a formula first described by Rolirer, 5 in 1916, and, 
interestingly enough, again independently by Kahlstorf, 4 in 1932. 

From the Cardiac Clinic and Laboratory of the Massachusetts General Hospital, 
Boston. 
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The theoretical basis for the formula rests in the fact that the shape of the heart 
in general can be considered to be halfway between that of a paraboloid and an 
ellipsoid. The volume of these bodies can be determined mathematically with an 
error of ± 4 per cent by the following formulas: ellipsoid, V = A x D x c (0.667) ; 
paraboloid, V = A x D x c (0.59). A is the surface area of a parallel projection 
of the body being studied; D, greatest depth diameter in the direction of projection; 
c, constant.* 

Transferring these formulas to the heart, the heart volume can then be approx- 
imated by the product of the area of the frontal cardiac silhouette and the greatest 
horizontal depth of the heart in the lateral position, multiplied by a constant. For 
the heart this constant would be theoretically' halfway between those for the paraboloid 
and the ellipsoid, i.e., 0.63. In practice this constant may be varied in either direc- 
tion, as the shape of the individual heart resembles more closely either the ellipsoid or 
the paraboloid. In this study, however, we have not complicated matters by intro- 
ducing such an individual variable and have employed only the constant 0.63. 

The teleoroentgenograpliic apparatus to be described in the American Heart 
Journal, by Liljestrand, Lysholm, Nylin, and Zaclirisson for obtaining the measure- 
ments necessary to calculate the heart volume should give slightly more constant re- 
sults than fluoroscopic measurements. The construction of such an apparatus, however, 
is hardly practical except for purely experimental purposes. Since we were interested 
in the practical application of the heart volume formula, we have employed ortho- 
diagraphic measurements. The technical procedure for obtaining these measure- 
ments follows. 

The individual was seated and the frontal orthodiagram was made in the usual 
manner. The subject was then rotated 90° to the left and both hands placed on 
the head. The lateral silhouette of the heart, in so far as it was possible with any 
degree of accuracy, and the ventral aspect of the sternum were then traced. The 
esophagus was filled with barium in some cases to help locate the posterior border 
of the heart. Three separate tracings were made in this position for reasons to be 
discussed later. The cardiac silhouette of the frontal ortliodiagraphic tracing 
was then completed and the area computed in square centimeters with a planimeter 
until two determinations checked closely. The greatest horizontal depth diameter 
was measured in centimeters and the average of the three separate determinations 
was taken as the depth measurement. The heart volume was not estimated in in- 
stances where great discrepancies (over 6 mm.) existed between individual depth 
measurements. Orthodiascopy was employed exclusively, and the entire procedure 
from the beginning of fluoroscopy to the computation of the heart volume consumed 
approximately 15 minutes. The heights of the subjects, without shoes, were de- 
termined in centimeters and their weights, with the heavier articles of clothing re- 
moved, in kilograms. All percentages in the tables were computed to the nearest 
significant number and in such a way that the maximum percentage variation would 
be obtained. 

SOURCES OF ERROR IN THE METHOD 


Benedetti and Bollini 7 ' 8 have discussed volumetric formulas other than 
their own from the anthropometric standpoint; the main objection to 
formulas other than that of Bollini is that they do not take into consid- 
eration the position of the heart in the thoracic cage as a factor influenc- 
ing the shape of the heart shadow. There is no doubt that the formula of 


•The following abbreviations are used in the tables. A, frontal cardiac area 
JJ, greatest horizontal depth diameter of the heart in the lateral position V cardiac 
volume. T, transverse diameter of the heart. Tli, transverse diameter of the thor.ax 
CTR, cardiotlioracic ratio. 
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Belli nr lias been more carefully controlled by comparisons with the 
actual volume of models and gives theoretically a more accurate estima- 
tion of the actual heart volume. We considered, however, that the tech- 
nical difficulties and errors entailed in tracing accurately the complete 
lateral silhouette of the heart and in determining the point of bifurca- 
tion of the trachea necessary for this formula made this method less suit- 
able and not significantly more accurate in practical application than 
the simpler Rohr er-Kahl storf formula. Before discussing the technical 
errors of the Rohrer-Kahlstorf method, which has been our principal 
interest, we wish to bring out two objections which apply more or less 
generally to all mathematical formulas for estimating heart volume. 

Firstly, the heart varies so in shape normally that no one mathematical 
formula can be expected to be generally applicable and to allow an ac- 
curate determination of the volume of the heart actually to be measured. 
While Bollini has in part compensated for this variable by considering 
the position of the heart in the thorax, there still exist exceptions wherein 
his formula would be in considerable error. Secondly, it is well known 
that in heart disease there is very often a predominant enlargement of 
one chamber of the heart, most commonly the left ventricle or the left 
auricle. Mathematical formulas in general must consider the heart as a 
whole, and do not allow for the disproportionate enlargement which takes 
place in heart disease. It is obvious that such disproportionate enlarge- 
ment may so affect the necessary orthodiagraphic measurements that 
they are not justifiably applicable in a method which is theoretically 
based on a concept of the heart as a more or less uniform geometrical 
body. For example, in mitral stenosis the enlargement of one chamber, 
the left auricle, can markedly increase the depth diameter so that a 
significant error may easily result in the application of such a formula. 

Both Rolirer and Kahlstorf placed the maximum error in the formula 
at + 15 per cent. Kahlstorf orthodiagraplied formalin-fixed anatomic 
specimens and compared the volumetric estimation by formula to the 
volume by water displacement of the specimen. On the results from nine 
normal and three pathologic hearts he concluded that the maximum error 
inherent in the formula was ± 5 per cent. Bollini, using heart models 
made by Palmieri’s method and comparing the calculated results by the 
Rohrer-Kahlstorf method to that by water displacement of the model, 
found the error to vary from -1 per cent to +16 per cent in twenty nor- 
mals and from +4 per cent to +42 per cent in ten pathologic hearts. 
From these figures it is obvious that the error may be negligible or, 
on the other hand, so great, particularly in diseased hearts, as to in- 
validate the determination. 

Kahlstorf further concluded that maximum additional technical errors 
of ±5 per cent each resulted from the determination of the frontal area 
of the heart and from the measurement of the depth diameter. In esti- 
mating the cardiac area of the frontal orthodiagram the source of error 
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lies almost entirely in completing the cardiac contour of that part of the 
heart shadow which merges with the aorta above and the portion of the 
heart which is hidden by the diaphragm below. Eoesler 9 states that the 
variations in completing the frontal orthodiagraphie tracing for the esti- 
mation of the cardiac area on different days by the same individual 
range from 2 per cent to 5 per cent, and when different individuals com- 
plete the same tracing the variations may reach 20 per cent. Table I 
shows cardiac area determinations on seven different frontal orthodia- 
grams computed on three different days by each of three individuals of 
varying experience. It can be seen that both experience and heart size 
make a slight difference. It is true that the tendency to error is less in 
small and vertical hearts than in hearts which are transverse in position. 
The reason for this is illustrated in Figs. 1 and 2, which show that the 
amount of the cardiac silhouette to be completed arbitrarily is consider- 
ably less in the vertical type of heart. It is safe to say from our results 
that with experience, no matter what the heart size may be, the individual 
error in completing the cardiac silhouette will be less than 5 per cent. 
Further, it would seem that even between different individuals the per- 
centage variation will be, as a rule, less than 10 per cent, although on oc- 
casions it may rise as high as 12 to 15 per cent. 

Table I 

Frontal Cardiac Areas Estimated From Tracings of Seven Different Ortho- 
diagrams by Three Individuals of Varying Experience on 
Three Different Occasions 


frontal cardiac areas 



1 

2 

3 

4 

5 

6 

7 

AVER- 

AGE 

A. (Experienced) 

07.3 

83.S 

94.3 

112.0 

116.5 

130.0 

174.6 



GS.G 

S4.4 

92.2 

114.S 

115.0 

123.6 

182.3 



G7.2 

S4.3 

91.2 

110.4 

111.0 


178.0 


Percentage of difference 

i 9 

1 

•> 

O 

4 

5 

5 

4 

3 

B. (With slight experience) 

70.4 

85.2 

97.G 

115.4 

117.0 

123.1 

1S4.8 



G9.1 

85.2 

97.7 

110.1 

115.6 

137.4 

173.6 



70.1 

87.8 

97.0 

110.1 

117.5 

130.2 

180. S 


Percentage of difference 

2 

o 

a 

1 

5 

2 

12 

6 

4 

C. (With no experience) 

GS.O 

85.0 

92.3 

111.2 

114.3 

129.9 

176.1 



65.4 

82.5 

90. S 

109.8 

105.2 

123.0 

170.6 



GG.7 

84.4 

91.3 

110.8 

108.3 

124.3 

169.6 


Percentage of difference 



: 'SSi 

mm 



MM 

4 

Percentage difference A-B 


5 

S 

S3 

■B 


E5 

6 

Percentage difference A-C 


2 

il - 


IB 



6 

Percentage difference B-C 




■3 

■s 



S 


By far the most unsatisfactory measurement is that of the depth diam- 
eter, and consequently we found that the average of three separate de- 
terminations was more accurate than a single measurement. By discard- 
ing those determinations in which this measurement varied by more than 
6 mm., the error was automatically limited to approximately 6 per cent 
for an individual volumetric determination. The ventral point for this 
















































162 


THE AMERICAN HEART JOURNAL 


measurement is usually the manubrium just below its contact with the 
right ventricle. As a rule there is little difficulty in establishing the posi- 
tion of this point by fluoroscopy, although at times even the manubrium 
is not so clearly seen as might be expected. To locate fluoroscopieally the 
posterior border in the lateral position, however, is frequently extremely 
difficult. This is particularly the case with large or transverse hearts 
when the retrocardiac space is obliterated, with a consequent loss of con- 
trast. Not infrequently hilar vessel shadows, a thick chest, or obesity 
diminish the radiolucency of the retrocardiac space and add to the dif- 
ficulties in locating the posterior cardiac border even when the heart is 
relatively small. 



Fig. 1. Fig: 2. 


The most interesting and significant of our results are to he found in 
Table II. The heart volume hi the same individual was determined on 
three successive days at approximately the same time of day (controlling 
the conditions by fluoroscoping the subject before breakfast made no 
significant difference) . The percentage variations between the minimum 
and maximum figures for the horizontal depth diameter, the frontal 
cardiac area, and the heart volume can be readily seen. From the tech- 
nical point of view it seems safe to say that the percentage error will he 
usually less than ±10 per cent in those hearts whose volumes are TOO c.c. 
or less, while a percentage error of ±10 per cent to ±20 per cent 
may result in those hearts whose volume is greater than 700 c.c. In 
other words, the maximum technical error for normal hearts will be, in 
general, ±10 per cent, while for diseased hearts with enlargement of any 
degree the percentage error varies considerably and may be as high as 
±20 per cent. 
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Table II 

Cardiac Volumetric Determinations Made by One Observer on Three Successive 

Days in Seventeen Individuals 


CASE 

NO. 

D, 

D„ 


% 

DIFF. 

A, 

A 2 

A 3 

% 

DIFF. 

v. 

V, 

V , 

% 

DIFF. 

51 

7.5 

7.1 

7.4 

6 

64.5 

66.8 

67.3 

4 

305 

299 

314 

5 

216 

7.8 

7.5 

7.0 

11 

79.0 

79.4 

78.2 

2 

3 SS 

375 

345 

12 

54 

8.5 

8.3 

8.5 

2 

S 6.4 

84.5 

SO . 6 

7 

463 

442 

432 

7 

127 

8.4 

8.2 

8.3 

2 

92.9 

! 97.8 

9 S .2 

6 

491 

505 

513 

4 

1 S 4 

7.9 

8.2 

8.1 

4 

S 9.1 

95.1 

91.1 

7 

443 

491 

465 

11 

154 

8.3 

8.6 

8.4 

4 

108.6 

107.2 

112.5 

5 

568 

581 

595 

5 

152 

8.7 

9.4 

8.7 

S 

106.8 

105.5 

108.3 

3 

585 

625 

594 

7 

153 

S .2 

S .4 

8.0 

5 

115.7 

112.9 

114.5 

2 

59 S 

597 

577 

4 

132 

10.5 

9.6 

9.6 

9 

9 S .0 

97.4 

93.5 

5 

648 

589 

565 

15 

*126 

9.2 

9.1 

9.3 

2 

110.4 

110.1 

107.1 

3 

640 

633 

627 

2 

133 

10.1 

9.2 

9.8 

10 

100.0 

105.3 

113.7 

14 

636 

610 

702 

15 

188 

8.9 

9.1 

9.3 

5 

110.5 

112.0 

100.5 

11 

620 

642 

589 

9 

*193 

9.3 

10.6 

9.7 

14 

129.5 

122.3 

114.3 

13 

759 

817 

69 S 

17 

196 

10.5 

9.7 

9.5 

11 

122.0 

120.2 

120.0 

2 

807 

742 

749 

9 

198 

11.0 

11.1 

11.4 

4 

119.7 

126.3 

123.1 

6 

829 

8 S 3 

8 S 4 

7 

*213 

12.0 

11.6 

11.2 

7 

15 S .1 

154.5 

147.2 

7 

1195 

1139 

1039 

15 

*183 

12.5 

12.1 

13.0 

7 

204.3 

207.8 

232.6 

13 

1609 

1584 

1905 

20 


*Heart disease. 


In summary, then, it can be concluded on the basis of Bollini’s 3b 
figures from heart models that with the Rohrer-Kahlstorf formula 
the estimated volume may vary from the actual volume by extremes 
of -1 per cent and +16 per cent, to which may be added a maxi- 
mum technical error of ±10 per cent in clinical application if the 
heart volume is less than 700 c.c. The total extremes, then, in nor- 
mal hearts of less than 700 c.c. would be -11 per cent and +26 per cent. 
From the latter figures it would seem justifiable to conclude that except 
for occasional instances the volume of normal hearts can generally be 
estimated by the Rohrer-Kahlstorf formula with a maximum error of 
±15 per cent, as originally stated by these authors. Since the variation 
from the actual volume in enlarged hearts, according to Bollini, varies 
from +4 per cent to +42 per cent, and the maximum technical error for 
hearts of all sizes is ±20 per cent, it follows that the extremes of error by 
the Rohrer-Kahlstorf method for enlarged hearts is theoretically -16 per 
cent and + 62 per cent. Obviously, such results make the method of ques- 
tionable value when cardiac enlargement is present. 

THE HEART VOLUME IN NORMAL SUBJECTS 

The data concerning the normal hearts revealed several points of inter- 
est. The range of the heart volume in males was from 400 c.c. to 900 c.c. 
Only eleven subjects, however, had heart volumes of over 700 c.c. The 
latter were all heavy, stocky individuals, and the measurements on those 
with heart volumes over 800 c.c. might well be questioned because of the 
technical difficulties. In females the range of heart volume was from 300 
c.c. to 550 c.c., except for five heavy individuals. 

Fig. 3 shows the variations in normal heart volume and the existence 
of a very definite linear correlation between heart volume and body 
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weight and body surface area. This is in agreement with anatomical 
studies on heart weight and clinical studies with various cardiac meas- 
urements, in which it has been found that of the various body measure- 
ments the closest correlation exists between body weight and heart size. 
As JC ahlstorf found, there was in our scries no parallelism between body 
height and heart volume. 



40 4S JO 3S *0 TV 7. 
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Fig. 3. — Graphs showing the correlation between heart volume and body weight and 
body surface area in 170 individuals with normal hearts. 

Unfortunately, the body-weight, heart-volume correlation is not suf- 
ficiently close to warrant its use as a criterion for establishing normal 
values. Prom the graphs it can be seen that two individuals of the same 
weight may have heart volumes which vary by as much as 200 c.c. It is 
clear that the smaller heart could enlarge rather markedly before it 
would fall beyond the limits of normal as established by an index based 
on the body-weight, heart-volume correlation. 

THE HEART VOLUME IN INDIVIDUALS WITH HEART DISEASE 

It is not an uncommon experience to find individuals in whom the 
cardiothoracic ratio or the area of the frontal cardiac silhouette is ab- 
normal, and in whom there are slight or equivocal findings which may 
or may not be indicative of heart disease. If .the heart is transverse in 
position the situation is further confused and the abnormal measure- 
ments still more difficult to interpret. This was the group which we 
originally hoped to be able to clarify by the heart volume estimations. 
It soon became evident, however, that the boundary between normal and 






COMEAU AND WHITE: EVALUATION OP ROHRER-KAHLSTORF FORMULA 165 


abnormal heart size by this method was too wide and, further, that the 
position of the heart in the individuals of this group was usually trans- 
verse and, as a result, the volumetric determination more liable to tech- 
nical error. 

In view of the large potential theoretical error in diseased hearts we 
concluded that little was to be gained by an exhaustive study of subjects 
with heart disease. The examination of diseased hearts revealed some 
points of interest and one positive conclusion. The largest heart was 
found in a case of mitral and tricuspid stenosis, in which the volume was 
over 3,500 c.c. The smallest abnormal heart volume (350 e.c.) was found 
in a patient with long-standing chronic colitis with cachexia who had 
electrocardiographic changes indicating myocardial disease. 

Tabt.e III 


TYPE OF HEART DISEASE 

NO. OF 

CASES 

MINIMUM 

VOL. 

MAXIMUM 

VOL. 

Coronary 

s 

614 

874 

Hypertensive 

6 

623 

1543 

Valvular disease 




1. Aortic regurgitation 

11 

633 

1417 

2. Mitral stenosis 

5 

479 


3. Aortic regurgitation and mitral 

3 

673 


stenosis 




4. Aortic stenosis 

2 

S25 

933 

5. Mitral and tricuspid stenosis 

1 | 



Miscellaneous 

4 

S96 



As might be expected, there was a considerable variation of the heart 
volume in heart disease (Table III), particularly in those individuals 
with valvular disease and hypertensive heart disease. This is to be ex- 
pected, since the heart size in individuals with valvular disease will de- 
pend upon the type, severity, and duration of the valvular lesion, while 
in the hypertensive group the degree of hypertension and the duration 
will be the important factors in determining the extent of cardiac 
enlargement. 

Table IV 

Cardiac Measurements Made on an Individual With Heart Disease at Dif- 
ferent Periods During Clinical Improvement 



T 

TH 

CTR 

D 

A 

V 

5/27/37 

17.5 

26.5 

66% 

12.6 

164 

1303 

7/ 9/37 

16.8 

26.4 

64% 

10.8 

1S8 

1279 

8/19/37 

14. S 

26.4 

56% 

10.6 

147 

983 

10/13/37 

14.4 

26.2 

55% 

9.6 

140 

S52 


A significant point was brought out by the study of a patient with 
cardiac enlargement of undetermined etiology. This patient was fol- 
lowed, at intervals, from the time of admission with heart failure, 
through convalescence, and for a period during which he was carrying 
on a relatively normal life. Table IV shows the gradual diminution in 
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heart size, which is much more strikingly shown by the heart volume 
estimation than b} r any of the other cardiac measurements. It would 
have been interesting to follow a series of individuals with heart failure 
before and after treatment. However, the opportunity to make such 
comparisons without discomfort and possible harm to the patient does 
not present itself frequently. It is clear that both the theoretical and 
technical errors would be relatively constant when volumetric estima- 
tions are made on the same heart, so that the major objections to the use 
of the formula would be largely eliminated. By the use of the volume 
figure in such a manner we believe that a better concept is obtained of 
the actual increase or decrease in heart size either during a period of 
heart failure or in following a patient over a period of years. 

SUMMARY AND CONCLUSIONS 

1. The heart volume (in cubic centimeters) as estimated by the Rohrer- 
Kalilstorf formula (area in square centimeters of the heart shadow in the 
frontal silhouette times depth in centimeters in the 1 ateral silhouette times 
0.63, a constant) was determined in 100 adult males and seventy adult 
females with clinically normal hearts. The heart volume was also esti- 
mated in forty individuals with the more common cardiac abnormalities. 

2. The theoretical basis for the formula is discussed and its clinical 
application is described. 

3. The percentage of error in the practical application of the Rohrer- 
Kahlstorf formula is estimated by combining the inherent error in the 
formula as determined by Bollini (through comparison of the computed 
heart volume by formula, with the actual heart volume of heart models 
by water displacement) and the maximum technical error as determined 
by our results. In normal hearts the error varies from -11 per cent to 
+26 per cent, so that with only a few exceptions the maximum error will 
be within ±15 per cent, as originally stated by both Rohrer and Kahl- 
storf. In enlarged hearts the error varies widely from -16 per cent to 
+62 per cent, so that the method cannot be applied with any degree of 
accuracy in many instances of cardiac enlargement. 

4. The volume of normal hearts ranged from 400 c.c. to 900 c.c. in 
males, and from 300 c.c. to 550 c.c. in females. Only eleven males, how- 
ever, had heart volumes over 700 c.c., and those over 800 c.c. may well be 
questioned because of technical difficulties. A linear correlation was 
found to exist between heart volume and body weight and body surface. 
This correlation, however, was not sufficiently close to allow the deriva- 
tion of a reliable index as a criterion for normal, inasmuch as the normal 
range was from 6 c.c. to 12 c.c. per kilogram of body weight and from 
200 c.c. to 450 c.c. per square meter of body surface (males 6.7 to 11.8 c.c. 
per kilogram, and 250 to 450 c.c. per square meter ; females 6.1 to 10.6 
c.c. per kil ogram and 200 to 435 c.c. per square meter). No parallelism 
was found between body height and heart volume. 
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5. Tlie diseased hearts showed a wide range of heart volumes. The 
largest was 3,500 c.e. in a case of mitral and tricuspid stenosis, the small- 
est 350 c.c. in a case of cachexia due to chronic colitis in which the elec- 
trocardiogram showed evidence of coronary insufficiency or myocardial 
disease. The changes in heart volume were followed in one case through 
a period of heart failure and during convalescence. Since the percentage 
of error would be relatively constant when determinations are made on 
the same heart, and since the volumetric figure gives a better concept of 
actual heart size, it is believed that there is a definite advantage in using 
volumetric estimations to follow the changes in the size of the heart in 
individual patients through a period of heart failure or over a period of 
years. 

6. In general we must conclude that the volumetric estimation of 
heart size is no more reliable by itself than are other heart measurements. 
It is true of volumetric determinations as of heart measurements of any 
kind that, due to their wide normal variation, they must be interpreted 
in relation to the impression arrived at during fluoroscopy and, par- 
ticularly when measurements are questionable, in relation to the ex- 
pected normal position (vertical or transverse) and shape of the heart 
in the thorax. It should be recognized that the position of the heai’t 
and its normal size and shape depend largely upon body build and 
occasionally upon an abnormality of the thoracic cage itself; it is al- 
ways important to consider these factors in the interpretation of heart 
size and measurements. Further study of the correlation of heart size 
and shape with various anthropometric measurements other than weight, 
height, and bodj r surface may yield formulas more reliable and useful 
than exist at present. We are contemplating the pursuit of such a study. 

Addendum : The paper by Liljestrand, Lysholm, Nylin, and Zachris- 
son, to appear in the American Heart Journal, entitled “The Nor- 
mal Heart Volume in Man,” confirms the conclusions noted by us con- 
cerning the present unsatisfactory basis for the determination of nor- 
mal heart volume. They found, as we did, a wide variation of the nor- 
mal, 7.0 to 13.0 c.c. of heart volume per kilogram of body weight and 
between 250 and 490 c.c. per square meter of body surface, in 101 
health}’ men whose ages ranged from 21 to 47 years. 
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THE EFFECTS OF ALKALOSIS AND OF ACIDOSIS UPON THE 
HUMAN ELECTROCARDIOGRAM® f 

Paul S. Barker, M.D., Ann Arbor, Mich., E. Lee Shrader, M.D., 
and Ethel Ronzoni, Ph.D., St. Louis, Mo. 

M UCH attention has been given to electrocardiographic changes 
caused by heart disease or by drugs used in the treatment of heart 
disease. Little notice has been taken of transient changes not related to 
heart disease. It has long been known that such changes may be caused 
by exercise, 1 drinking iced .water, 2 stimulation of the vagus or sym- 
pathetic nerves, 1 ’ 3> 4 and* by alterations in the position of the heart such 
as may be produced by respiration or changes in posture. 1 ’ 5 

There have been a'few observations upon the effects of alkalosis and 
of acidosis upon the electrocardiogram. In 1926, Schott G reported that 
in dogs the T-waves may be made taller by giving hydrochloric acid 
intravenously, and smaller by giving sodium carbonate intravenously. 
Transient reduction in the amplitude of T in man during the tetany of 
spontaneous overbreathing was reported in 1929 by Kronenberger and 
Ruffin, 7 and in 1932 by MeCance. 8 Simpson 0 has observed reduction in 
the amplitude of T in patients undergoing artificial fever therapy, all of 
whom had alkalosis. 

An increase in the duration of electrical systole (the Q-T interval) 
in man has been observed by Bazett 10 following exercise, and by Carter 
and Andrus 11 in alkalosis. Samojloff 3 and Bazett noted an increase in 
the duration of systole after giving atropine. In various conditions in 
which the blood serum calcium is reduced the duration of electrical 
systole is increased, 11 ' 14 while an elevation of serum calcium may be ac- 
companied by a reduction in the duration of electrical systole. 12 ’ 1S > 15 
The present study was prompted by the observation of T-wave changes 
occurring during an episode of hysterical overventilation with tetany. 

case report 

The patient was a 23-year-old male medical student who was conscious of his 
heart beat, but who showed on physical and electrocardiographic examination on 
May 1G, 1923, no evidence of cardiac abnormality (Fig. 1 A). On Dec. 20, 1923, 
lie was admitted to the hospital complaining of difficult breathing and cramping 
pains in the abdomen and extremities. Examination showed deep and rapid breath- 
ing and the typical carpopedal spasm of tetany, but revealed no abnormality of the 
heart or lungs. An electrocardiogram, however, showed pronounced flattening of the 

‘From the Departments of Internal Medicine of the Medical Schools of Washington 
University and of the University of Michigan. 

t Presen ted in part before the Central Societv for Clinical Research Nov 1 1935 
Chicago. A brief preliminary report appeared in the University Hospital Bulletin’ 
*: 50, 1935. ’ ' 
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T -waves (Fig. 1 B). When the patient was reassured and persuaded to breathe 
normally bis symptoms rapidly disappeared, and on the following day liis electro- 
cardiogram was normal (Fig. 1 C), resembling that of May 1G. 

Although it was thought that the patient had hysterical overventilation, the ques- 
tion remained as to whether he might have had a transient cardiac condition which 
caused the dyspnea and the T-wave changes, or whether overventilation was re- 
sponsible for the changes in the electrocardiogram. 



Fig. 1. — Electrocardiograms of patient. .4. May 1G, 1923. B, Dec. 20, 1923, during 
hysterical overventilation. C, Dec. 21, 1923. 

EXPERIMENTAL OBSERVATIONS 

In this study seven normal young adults served as subjects for forty 
experiments. The experiments included voluntary overventilation, vol- 
untary overventilation with a large dead space, the ingestion of large 
amounts of sodium bicarbonate, exercise, exercise after the ingestion 
of sodium bicarbonate, ingestion of large amounts of ammonium chloride, 
and rebreathing. The effects of these procedures upon the electro- 
cardiogram and upon the hydrogen-ion concentration, lactic acid content, 
and carbon-dioxide combining power of blood from the veins of the 
arms were investigated. In some instances the serum calcium and phos- 
phorus were determined. Electrocardiograms and samples of venous 
blood were taken before and at suitable intervals following the above 
procedures and, when possible, as in overventilation, during the pro- 
cedure. 

In determining the amplitudes of the various electrocardiographic 
deflections, the measurements in ten successive beats were averaged and 
care was taken to avoid errors which might result from the effects of 
respiratory movements upon the curves. The standardization of each 
curve was recorded, and corrections were made for errors in standardiza- 
tion. These, however, were never great. 
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Over ventilation . — Four subjects served for thirteen experiments in 
voluntary overbreathing to the point of well-developed tetany. 10 The 
tetany usually developed within five minutes, in one subject in three 
minutes, but in most of the experiments overbreathing was performed 
for eight to sixteen minutes, and in one instance twenty-four minutes. 
In all of these experiments the T-waves of Lead I became much smaller 
during the overbreatliing, and in ten instances T of Lead II became 
smaller (Figs. 2, 3, and 4). In two instances T of Leads II and III 
became slightly taller, while in five other experiments T of Lead III 
became taller. In nearly all of the experiments the R-waves became 
smaller in Lead I and taller in Lead III. In three experiments, how- 
ever, the R-waves became smaller in Lead III, and in two of these the 
T-waves of Lead III became taller (Table I). 



Fig-. 2. — Experiment 23. subject A, voluntary overventilation for twenty-four 
minutes. A, control. B and G, during overventilation. D, one minute and E, three 
minutes after cessation of overventilation. F, G, and //, and I at approximately ten- 
minute intervals. The curves show the effects of contraction of the voluntary muscles 
due to tetany. 


In all of these experiments tetany was produced, but in only ten ex- 
periments were blood samples taken. These showed alkalosis. The 
hydrogen-ion concentration of the blood from the arm veins changed 
from values of 7.31 to 7.38 in the control specimens to values of 7.46 to 
7.65 in samples taken at the height of the tetany, or just before the over- 
ventilation was terminated. The hydrogen-ion concentration returned 
to normal within two to five minutes after the overbreathing was stopped. 
The electrocardiographic changes seemed to be related more closely to 
the elevation of the hydrogen-ion concentration than to other changes in 
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the venous blood, such as carbon-dioxide combining power, carbon- 
dioxide content, lactic acid content, or serum calcium or phosphorus con- 
tent. There was not, however, a strict parallelism between the changes 
in the electrocardiograms and the changes in the hydrogen-ion con- 
centration of the blood (Figs. 2 and 4). 

In some of the experiments the electrocardiographic changes were of 
the type which might be caused by a change in the position of the heart, 
such as might occur if the diaphragm should be depressed and the heart 
should assume a more vertical position, causing a shift of its long axis to 
the right. 5 It is possible that a slight, transient emphysema of the lungs 
may have occurred, and that this may have been accompanied by a slight 
change in the position of the heart. The changes in the electrocardio- 
grams are not, however, attributed to this alone, for the following 
reasons. In the first place, overventilation produced no changes in the 
position of the heart or diaphragm which were apparent upon physical 
examination. Secondly, in some of the experiments the T-wave changes 
were not accompanied by similar changes in the R-waves. Lastly, the 
observations to be described presently make such an explanation un- 
likely. 

Voluntary overventilation removes carbon dioxide from the body in 
abnormally large amounts, and in this manner causes alkalosis. If, 
however, the atmosphere breathed is sufficiently rich in carbon dioxide, 
excessive removal of the gas will not occur, and alkalosis will not develop. 
Two subjects served for three experiments in which they voluntarily 
overbreathed through a large tube into a large bottle, the wide neck of 
which was open to the air of the room. This had the effect of increasing 
the dead space by about nine liters, without causing any appreciable 
resistance to breathing. The rate, depth, and duration (thirteen to four- 
teen minutes) of the overbreathing were approximately the same as in 
the experiments in which tetany developed. With the large dead space, 
however, the carbon-dioxide content of the air breathed soon reached a 
sufficient concentration to prevent the development of alkalosis. Samples 
of venous blood taken near the end of the period of overbreathing 
showed no change in the hydrogen-ion concentration in two experiments, 
and a slight change toward the acid side in one experiment, as compared 
with the controls. Samples of air from the dead space, taken just before 
the termination of overbreathing, showed carbon dioxide values of 4.8, 
6.1, and 5.0 volumes per cent, and oxygen values of 18.5, 16.0, and 18.4 
volumes per cent, respectively, for the three experiments. It is un- 
fortunate that venous blood was not taken during the first few minutes 
of overbreathing, as it is possible that a slight degree of alkalosis may 
have developed at first, before the carbon dioxide of the air breathed 
had increased sufficiently to prevent it. One subject recognized, during 
the first few minutes, the tingling of the extremities which always pre- 
ceded the appearance of tetany. 



174 


THE AMERICAN HEART JOURNAL, 



o pH 735 7.65 7.65 755 133 730 

3 COz 55.1 51.6 44.2 46.3 483 62.8 

cQ LA 373 47 1 779 7 13 57 . 6 59.2 


Fig. 3. — Experiment 23. subject A. showing the relation of the electrocardio- 
graphic changes to changes in the venous blood. In tins and subsequent figures Lead 
I is represented by dots. Lead H by circles, and Lead HI by crosses, while CO; refers 
to the carbon-dioxide combining power and LA to the lactic acid content of venous 
blood. 
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The electrocardiograms showed slight changes (Figs. 3, 4, and 5). In 
all, the T-waves became smaller in the first few minutes of the over- 
breathing, only to become taller a few minutes later. In the experiment 
(Fig. 5) in which the reduction in amplitude of T appeared most pro- 
nounced, the T-waves of the control curve were unusually tall for this 
subject. The R-waves showed but slight changes, usually but not always 
in the same direction as the T-wave changes. In none of these experi- 
ments were the changes as pronounced or the T-waves as flattened as in 
the experiments in which alkalosis and tetany were produced (compare 
Figs. 2 and 5). 



Pig. 5. — Experiment 26, subject A, voluntary overventilation with a large dead 
space, in which the pH and CO 2 combining power of venous blood showed no significant 
change. A, control. B, C, and D during overventilation. E, F, and ff at approximate- 
ly four-minute intervals following the cessation of overventilation. Compare with 
Pig. 2. 


Sodium Bicarbonate . — In order to investigate further the question 
whether the electrocardiographic changes observed were related to 
alkalosis or to the excessive respiratoiy movements, four subjects served 
for seven experiments in which sodium bicarbonate was given by mouth 
in single doses of 25 to 50 gm. Moderate alkalosis was produced in all 
seven experiments, the hydrogen-ion concentration of the venous blood 
rising from values of 7.32 to 7.33 in the controls, to values of 7.4S to 7.5S 
at the height of the alkalosis. The carbon-dioxide combining power 
changed from control levels of 49.5 to 53.2 volumes per cent, to 64.6 to 
74.8 volumes per cent at the height of the alkalosis. In none of these 
experiments did tetany occur. The hydrogen-ion concentration and 
carbon-dioxide combining power reached their highest values within 
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one to three hours after the ingestion of the sodium bicarbonate, and 
these values often persisted for five to nine hours. The electrocardio- 
graphic changes were usually apparent within two or three hours, and 
were most pronounced five or six hours after the ingestion of the sodium 
bicarbonate (Figs. 6 and 7). 



In five of the seven experiments with sodium bicarbonate, the alkalosis 
was accompanied by a definite reduction in the amplitude of the T-waves 
of the electrocardiograms in Leads I and II or in all three leads (Table 
II). In one of the experiments there were no significant changes in the 
T-waves, while in one experiment the T-waves became slightly taller. 
The R-waves usually showed no significant changes, and when they 
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became slightly taller or slightly smaller, these changes did not appear 
to be related to the T-wave changes. 

The alkalosis produced by sodium bicarbonate was accompanied by a 
reduction in the amplitude of the T-waves. The electrocardiographic 
changes, however, were not directly proportional to the degree of alkalo- 
sis; the relationship was qualitative, not quantitative. This was true 
for both liydrogen-ion concentration and carbon-dioxide combining 
power. 



Fig. 7. — Experiment 28, subject A. Changes in the T-waves following the ingestion 

of 50 gm. of sodium bicarbonate. 

Exercise . — Four subjects were used for one experiment each. The 
exercise consisted in running up and down stairs until shortness of 
breath and fatigue were quite pronounced. This required two and one- 
lialf to four minutes. The work performed, as estimated from the weight 
of the subject and the height through which he raised his weight, was 
2400 to 4000 kilogram-meters. Definite acidosis was produced. The 
hydrogen-ion concentration of the venous blood fell to between 7.12 
and 7.18, and returned to approximately normal within fifteen to thirty 
minutes. The carbon-dioxide combining power and lactic acid content 
returned to normal more gradually in about one hour, as had been ob- 
served by Barr, Hirawick, and Green. 17, 18 

In the electrocardiograms the T-waves became much taller immedi- 
ately after the exercise (Figs. 8 and 9), taller in all three leads in three 
experiments, and in Leads I and II in the other (Table III). In this 
last experiment T was inverted in Lead III, and became more deeply 
inverted after exercise. The T-waves returned to approximately normal 
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‘Tn those experiments the exercise was undertaken during: alkalosis produced by sodium bicarbonate (see text and Table II). 
tControl observations not made ; the figures for the controls are the averages of many control observations. 
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within five to ten minutes after the exercise, and in two experiments they 
were slightly smaller than normal from ten to fifteen minutes after the 
exercise, while the venous blood still showed evidence of acidosis. 



The R-waves changed but little. They became slightly taller in Leads 
II and III, and in one experiment slightly smaller in Lead I. The heait 
rate did not return to normal for twenty to thirty minutes after the 
exercise. 

Exercise is followed by acidosis and by a striking increase in the 
amplitude of the T-waves. In these experiments, also, the electro- 
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cardiographie changes were not directly proportional to the degree of 
acidosis, whether estimated by the hydrogen-ion concentration or by the 
carbon-dioxide combining power. The relationship was qualitative, not 
quantitative. 
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Fig:. 9. — Experiment 30, subject A. T-wave changes following strenuous muscular 

exercise. 


In three of the experiments in which sodium bicarbonate was adminis- 
tered the subjects exercised exactly as in tire experiments just described. 
The exercise was performed one and one-third, three and one-fourth, and 
four hours, respectively, after the ingestion of the sodium bicarbonate. 
Alkalosis was well developed at the time of the exercise, and in two 
of the experiments the T-waves had become smaller. In all three experi- 
ments the T-waves of all three leads became much taller after exercise, 
reaching values slightly higher than after exercise alone. The K-waves 
did not change significantly (Table III). The hydrogen-ion concentra- 
tion and carbon-dioxide combining power of the venous blood, which had 
shown alkalosis just before the exercise, revealed mild acidosis fol- 
lowing the exercise. Within thirty to forty-five minutes, however, the 
alkalosis had returned to almost the same degree as before the exercise. 

It is interesting to note that the electrocardiographic changes were not 
directly proportional to the degree of acidosis. Indeed, in one experi- 
ment (Exp. 29) the hydrogen-ion concentration and carbon-dioxide com- 
bining power had reached 7.5S and 74.8 volumes per cent, respectively, 
four hours after the ingestion of 50 gm. of sodium bicarbonate. At this 
point the exercise was performed and the hydi’ogen-ion concentration 
and carbon-dioxide combining power fell to only 7.30 and 36.8 volumes 
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per cent, respectively. In another experiment (Exp. 4), eighty minutes 
after the ingestion of 25 gin. of sodium bicarbonate the hydrogen-ion 
concentration and carbon-dioxide combining power had reached 7.53 and 
74.2, respectively. At this point exercise reduced them to 7.18 and 44.3, 
respectively. The changes in the T-waves, however, were more pro- 
nounced in the former than in the latter experiment. 

It was observed that exercise after sodium bicarbonate was followed 
by shortness of breath and fatigue of about the same degree as following 
exercise alone. Indeed, there was very little difference in these symp- 
toms when the pH was 7.30 following exercise after sodium bicarbonate, 
and when the pH was 7.12 following exercise alone. In other experi- 
ments the rate and volume of respiration were determined and were 
found to be just as great following exercise after sodium bicarbonate 
as they were following exercise alone. 

Ammonium Chloride . — Acidosis was produced in three experiments 
upon two subjects by the ingestion of single large doses of ammonium 
chloride (15, 20, and 25 gm.). Table III and Figs. 10 and 11 show the 
results. The acidosis was quite mild. In one experiment (Exp. 17) the 
T-waves became taller in all three leads. In the other two experiments 
control electrocardiograms were not obtained, but the height of the 
T-waves was considerably greater than their average height in a large 
number of control curves taken at different times for other experiments. 
Indeed, in one experiment the T-waves became taller than the tallest 
T-deflections of a large number of control curves on this subject. In 
the other experiment the height of T, while greater than the average, did 
not exceed the tallest T-waves of the various control curves on this sub- 
ject. There were no significant changes in the R -waves. 

Rebreathing . — In one experiment the subject rebreathed into the com- 
mon type of vital capacity spirometer for five and one-half minutes. At 
this point the shortness of breath was unbearable. No specimens of 
blood were taken, but there is no doubt that a moderate acidosis was 
produced. The T-waves became slightly taller in all leads. The R-waves 
became slightly smaller in Lead I and taller in Leads II and III (Table 
III). The electrocardiographic changes were probably too slight to be 
of significance, except that the T-waves did not become smaller during 
excessive breathing comparable to that which produced alkalosis in the 
experiments upon voluntary overventilation. 

The effects of atropine sulfate (1.3 mg. intravenously) and of 
epineplirin (0.6 mg. subcutaneously) were observed in each of two 
subjects. In none of these experiments did the T-waves undergo signifi- 
cant changes. This is of interest in that the T-waves did not become 
taller, as they did when the heart rate and blood pressure were increased 
after exercise. 
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Fig. 10. — Experiment 18. subject B. A, control. B, G, and D, at intervals of ap- 
proximately two hours following the ingestion of 15 gm. of ammonium chloride. E, 
twenty-four hours later. Slight acidosis was produced (see Fig. 11). 



pH 

7.33 

7.30 

7.30 

7 32 

7.34 

728 

726 

7.32 

C0 Z 

524 

35.8 

34.6 

48.6 

53.2 

40.1 

34.8 

456 

LA 

38.6 

43.1 

34.0 

26.8 

52Z 

34.0 

35.4 

32.1 


Fig. 11. — Experiment IS, subject B. Ingestion of 15 gm. of ammonium chloride. 
Experiment 31, subject A. Ingestion of 25 gm. of ammonium chloride. In this ex- 
periment no control observations were made. The values represented are the averages 
of many control observations on this subject. 
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Spontaneous Changes .— Two subjects served for five experiments in 
which they rested quietly while curves were taken at five-minute in- 
tervals. These showed slight spontaneous variations in the amplitudes 
of the T-waves, which, however, were not uniform in direction, and were 
smaller in magnitude than the changes accompanying the various experi- 
mental procedures previously described. Similarly, each subject who 
served for more than one experiment showed in his control curves slight 
variations in the amplitude of T. These, likewise, were not so pro- 
nounced as the changes induced experimentally, nor did they seem re- 
lated to the slight variations in the pH or in the C0 2 combining power 
of the control specimens of blood. 

COMMENT 

While there was no direct quantitative relationship between the ampli- 
tudes of the T-waves and the degree of alkalosis or acidosis, the observa- 
tions indicate that alkalosis is accompanied by a decrease and acidosis 
by an increase in the amplitudes of the T-waves. The results were con- 
sistent throughout the series of experiments, with only one exception. 
The changes in height of T were usually, but not always, more pro- 
nounced than the variations occurring spontaneously. The T-waves, 
however, were consistently smaller with alkalosis and taller with acidosis, 
and this is considered significant. 

The clinical application of these observations is probably quite limited. 
Pronounced degrees of acidosis and alkalosis are relatively uncommon, 
and it is decidedly unusual to obtain electrocardiograms in such condi- 
tions. By chance, however, a curve w T as taken on a young woman with 
a normal heart who complained of palpitation shortly after the in- 
travenous administration of sodium bicarbonate for the treatment of 
migraine. The curve showed strikingly inverted T-waves. On the fol- 
lowing day the curve was normal. We have not chanced upon or recog- 
nized electrocardiographic changes which could be attributed to alkalosis 
or acidosis in other patients. It is not unlikely, however, that such 
changes may occasionally pass unrecognized. 

It is not apparent why or how alkalosis and acidosis modify the 
electrocardiogram. The duration of systole must be altered locally, pos- 
sibly to different degrees in different parts of the heart. This might 
be revealed by changes in the Q-T interval. 

The total duration of electrical systole was determined by measuring 
from the beginning of the Q-R-S deflections to the end of the T-waves, 
and then employing the formula of Bazett, 10 which takes into account 
the influence of the cardiac rate: systole = K V cycle (Table IV). 
During the tetany of experimental overventilation the records were too 
distorted by tremor to permit accurate measurements, but K was slightly 
increased in the patient with hysterical overbreathing, and after the 
ingestion of sodium bicarbonate, after exercise, after the ingestion of 



BARKER ET AL. : ELECTROCARDIOGRAPHIC CHANGES 


185 


ammonium chloride, and after atropine. Overbreathing into a large 
dead space caused no significant change in K. 

In some of the experiments serum calcium determinations were made. 
The changes in the duration of systole were usually, but not always, 
inversely related to the changes in serum calcium . 11 ' 15 When the values 
for K and for the serum calcium were both increased, it would seem 
likely that the changes in the total serum calcium value did not truly 
represent changes in the ionized or physiologically active calcium . 10 

Table IV 

The Effects of Various Procedures Upon the Q-T Interval 


Expressed as K of Bazett’s Formula: systole — K V cycle 


EXP. 

SUBJECT 

PROCEDURE 

BEFORE 

DURING* 

AFTER 


Patient 

Overventilation 

0.343 

0.3S4 

0.370 

12 

B 

Overventilation with dead space 

0.415 

0.406 

0.377 

13 

B 

Overventilation with dead space 

0.3S9 

0.400 

0.402 

26 

A 

Overventilation with dead space 

0.412 

0.413 

0.397 

35 

A 

Rebreathing 

0.400 

0.400 

0.412 

27 

A 

Sodium bicarbonate 

0.428 

0.437 

0.411 

2S 

A 

Sodium bicarbonate 

0.397 

0.432 

0.425 

14 

B 

Sodium bicarbonate 

0.429 

0.425 



3 

E 

Sodium bicarbonate 

0.3S8 

0.39S 

— 

4 

F 

Sodium bicarbonate 

0.394 

0.436 

0.382 

30 

A 

Exercise 

0.401 

0.430 

0.407 

16 

B 

Exercise 

0.407 

0.432 

0.414 

5 

F 

Exercise 

0.387 

0.392 

0.380 

6 

G 

Exercise 

0.394 

0.404 

0.401 

31 

A 

Ammonium chloride 


0.425 

0.413 

18 

B 

Ammonium chloride 

0.3S0 

0.3S8 

0.400 


♦Curves were taken immediately after exercise. 


The changes in the duration of electrical systole which we have ob- 
served were of small magnitude and of doubtful significance (Table IV). 
If they have any significance, they suggest that the changes in the dura- 
tion of electrical systole, which must have occurred locally in the ven- 
tricles, consisted in a prolongation rather than a reduction. 

SUMMARY AND CONCLUSIONS 

Pronounced flattening of the T-waves was observed in a patient with 
hysterical overventilation and tetany. This prompted an experimental 
investigation of the effects of alkalosis and acidosis upon the human 
electrocardiogram. 

Alkalosis, produced by voluntary overventilation or by the ingestion 
of sodium bicarbonate, is accompanied by a reduction in the amplitude 
of T. 

Acidosis, produced by exercise or by the ingestion of ammonium 
chloride, is accompanied by an increase in the amplitude of T. 

While the clinical application of these observations is probably quite 
limited, they may offer an explanation for occasional electrocardio- 
graphic changes not otherwise understood. 
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STUDIES ON MERCURIAL DIURESIS 

II. The Immediate Effect ox the Venous Blood Pressure 

Italo F. Volini, M.D., and Robert 0. Levitt, M.D. 

Chicago, III. 

C ONSIDERABLE improvement is noted by patients with heart fail- 
ure following diuresis induced by the organic mercurial diuretics. 
Dyspnea is often noticeably ameliorated. Reduction of edema and 
weight loss are the most important objective evidences, although an 
increase in the vital capacity may also occur. We wish to point out 
that a reduction of the high venous blood pressure is another objective 
sign of betterment. 

The clinical significance of the venous blood pressure has probably 
not obtained the attention it deserves. Lewis stresses its importance 
but, like Wiggers, indicates that simple inspection of the veins yields 
just as accurate information as direct measurement. Great discrep- 
ancies, however, are frequently found between the results obtained by 
inspection, and by indirect and direct methods of measurement. We 
believe, as does Fishberg, that the latter method has the least poten- 
tialities for inaccuracy; the principal objection to it is the necessity 
for venepuncture. Variations induced by changes in the degree of heart 
failure can be readily followed by direct measurement. 

Readings of the venous pressure above the upper limit of normal 
indicate cardiac insufficiency in cases in which the presence of medias- 
tinal masses and mechanical obstruction are ruled out. The high read- 
ings are pathognomonic of right-sided heart failure. As left ventricular 
failure is the most frequent cause of right-sided heart failure, high 
venous pressure then indicates left-sided insufficiency also. 

Fishberg describes the systemic veins as a reservoir filled from the 
periphery by blood from the capillaries and emptied by the cardiac 
pump; normally, the intake and emptying mechanisms are in dynamic 
equilibrium. The venous pressure affords a measure of the filling of the 
reservoir. If the right side of the heart is insufficient, the reservoir 
fills and the venous pressure rises. If the peripheral vessels allow 
little blood to pass into the larger veins the level of the reservoir, and, 
with it, the venous pressure, falls. Many factors, cardiac and extra- 
cardiac, tend to regulate the venous pressure in the normal individual. 
The investigation reported in this paper was undertaken to obtain meas- 
urements, by the direct method, of the changes in venous pressure pro- 
duced by mercurial diuresis in patients suffering from marked circu- 
latory failure with pronounced edema. 
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Table I 


NO. 1 

PATIENT 

DATE 

ARTERIAL 

BLOOD 

PRESSURE 

VENOUS 

BLOOD 

PRESSURE 

DROP IN 
VENOUS 
BLOOD 
PRESSURE 

URINARY 

OUTPUT 

DIURETIC 

I7~ 

T. E. 


«BTl7i tU 

iillxsnlH 

220 mm. 
156 mm. 

64 mm. 

1400 c.c. 
2500 c.c. 

Esidrone 1 c.c. 

2. 


3/26 

3/27 

130/S6 

136/94 

242 mm. 
136 mm. 

106 mm. 


Esidrone 1 c.c. 

■ 


3/15 

3/16 

122/84 

122/84 

156 mm. 

72 mm. 

S4 mm. 

ElEa 

Esidrone 2 c.c. 

4. 

J. s. 

3/18 

3/19 

118/74 

112/74 

125 mm. 
77 mm. 

48 mm. 

500 c.c. 
5000 c.c. 

Esidrone 2 c.c. 

5. 

J. s. 

3/26 

3/27 

132/104 

110/86 

228 mm. 
176 mm. 

4S mm. 

500 c.c. 
3200 c.c. 

Esidrone 2 c.c. 


J. s. 

3/29 

3/30 

118/84 

106/74 

142 mm. 
102 mm. 

40 mm. 

750 c.c. 
2500 c.c. 

Esidrone 2 c.c. 

■ 

J.M. 

dy 

1 

162 mm. 
112 mm. 

50 mm. 

400 c.c. 
2200 c.c. 

Esidrone 1 c.c. 

■ 

J.M. 

3/14 

3/15 

212/140 

146/90 

SO mm. 
70 mm. 

10 mm. 

1000 c.c. 
1S00 c.c. 

Esidrone 1 c.c. 

9. 

J.M. 

3/21 

3/22 

132/78 

135/70 

170 mm. 
100 mm. 

70 mm. 

1300 c.c. 
2000 c.c. 

Esidrone 1 c.c. 

10. 

J.M. 

3/26 

3/27 

124/78 

138/78 

172 mm. 
160 mm. 

12 mm. 

500 c.c. 
3500 c.c. 

Esidrone 1 c.c. 

11. 

J.M. 

3/29 

3/30 

mmmm 

52 mm. 
30 mm. 

22 mm. 

2900 c.c. 
2900 c.c. 

Esidrone 1 c.c. 

W « 

12. 

W. S. 

mm 
wEL 3 

128/8S 

126/86 

358 mm. 
288 mm. 

70 mm. 

1900 c.c. 
3000 c.c. 

Esidrone 2 c.c. 

13. 


3/14 

3/15 

125/85 

125/90 

410 mm. 
236 mm. 

174 mm. 

700 c.c. 
5000 c.c. 

Esidrone 2 c.c. 

14. 

w. s. 

3/18 

3/19 

110/84 

102/66 

315 mm. 
192 mm. 

123 mm. 

600 c.c. 
4400 c.c. 

Esidrone 2 c.c. 

15. 

W. S. 

3/22 

3/23 

128/88 

12S/88 

154 mm. 
80 mm. 

74 mm. 

1300 c.c. 
3500 c.c. 

Esidrone 2 c.c. 

■ 

W. S. 

4/14 

4/15 


358 mm. 
300 mm. 

58 mm. 

300 c.c. 
2400 c.c. 

Esidrone 1 c.c. 


W. S. 

4/17 

4/18 


286 mm. 
274 mm. 

12 mm. 

700 c.c. 
2200 c.c. 

Esidrone 1 c.c. 

18. 

w.s. 

4/20 

4/21 


224 mm. 
166 mm. 

58 mm. 

800 c.c. 
2400 c.c. 

Esidrone 2 c.c. 

19. 

IV. s. 

5/16 

5/17 


340 mm, 
212 mm. 

12S mm. 

800 c.c. 
5300 c.c. 

Esidrone 1 c.c. 

20. 

w. s. 

5/20 

5/21 


270 mm. 
246 mm. 

24 mm. 

1100 c.c. 
3800 c.c. 

Esidrone 1 c.c. 

21. 

w. s. 

5/25 

5/26 


274 mm. 
216 mm. 

5S mm. 

1000 c.c. 
3300 c.c. 

Esidrone 1 c.c. 

22. 

w. s. 

5/31 

6/1 


384 mm, 
340 mm. 

44 mm. 

900 c.c. 
4500 c.c. 

Esidrone 2 c.c. 

23. 

w. s. 

6/4 

6/5 


390 mm. 
264 mm. 

126 mm. 

500 c.c. 
4300 c.c. 

Esidrone 2 c.c. 

24. 

H. D. 

5/3 

5/4 


200 mm. 
ISO mm. 

20 mm. 

900 c.c. 
4500 c.c. 

Esidrone 1 c.c. 

25. 

26. 

H.D. 

H.D. 

5/7 

5/8 

5/10 

5/11 


198 mm. 
200 mm. 

+2 mm. 

1000 c.c. 
3600 c.c. 

Esidrone 1 c.c. 


250 mm. 
176 mm. 

74 mm. 

700 c.c. 
2600 c.c. 

Esidrone 1 c.c. 
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Table I— Cont’d 


— — . — • ■ - 

NO. 1 

PATIENT 

PATE 

ARTERIAL 

BLOOD 

PRESSURE 

VENOUS 

BLOOD 

PRESSURE 

DROP IN 
VENOUS 
BLOOD 
PRESSURE 

URINARY 

OUTPUT 

diuretic 

27. 

H. D. 

5/14 

5/15 

mm 


64 mm. 

S00 c.c. 
3000 c.c. 

Esidrone 1 c.c. 

28. 

H.D. 



170 miu. 
SO mm. 

S4 mm. 

500 c.c. 
3S00 c.c. 

Esidrone 1 c.c. 

29. 

H.D. 

5/22 

5/23 


200 mm. 
77 mm. 

123 mm. 

1000 c.c. 
2000 c.c. 

Esidrone 2 c.c. 

30. 

J.E. 

4/14 

4/15 


160 mm. 
140 mm. 

20 mm. 

1250 c.c. 
2600 c.c. 

Esidrone 1 c.c. 

31. 

1 

4/1S 

4/19 


1S8 mm. 
128 mm. 

60 mm. 

700 c.c. 
1650 c.c. 

Esidrone 1 c.c. 

32. 

B.C. 

4/15 

4/16 


274 mm. 
204 mm. 

70 mm. 

1000 c.c. 
2000 c.c. 

Esidrone 1 c.c. 

33. 

B. C. 

4/18 

4/19 


20S mm. 
164 mm. 

44 mm. 

700 c.c. 
3200 c.c. 

Esidrone 1 c.c. 

34. 

B. C. 

4/21 

4/22 


200 mm. 
170 mm. 

30 mm. 

500 c.c. 
2200 c.c. 

Esidrone 1 c.c. 

35. 

B. C. 

4/28 

4/29 


186 mm. 
166 mm. 

20 mm. 

GOO c.c. 
2600 c.c. 

Esidrone 2 c.c. 

: a 

ns 


200 mm. 
106 mm. 

94 mm. 

400 c.c. 
3400 c.c. 

Esidrone 2 c.c. 

30. 

B. C. 

37. 

B. C. 

0/24 

0/25 


272 mm. 
19S mm. 

74 mm. 

500 c.c. ] 
2500 c.c. | 

Esidrone 1 c.c. 

38. 1 

B.C. 

7/11 

7/12 


210 mm. 
130 mm. 

80 mm. 

S00 c.c. 
7000 c.c. 

Esidrone 2 c.c. 

39. 

C. A. 

i 

4/20 

4/27 


352 mm. 
330 mm. 

22 mm. 

100 c.c. 
1800 c.c. 

Esidrone 1 c.c. 

40. 

C. A. 

5/2 

5/3 


332 mm. 
240 mm. 

90 mm. 

ion 0 c.c. 
4000 c.c. 

Esidrone 1 c.c. 

41. 

C. A. 

5/6 

5/7 


350 mm. 
182 mm. 

168 mm. 

1000 c.c. 
4000 c.c. 

Esidrone 1 c.c. 

42. 

C. A. 

5/10 

5/11 


172 mm. 
116 mm. 

56 mm. 

800 c.c. 
4000 c.c. 

Esidrone 1 c.c. 

43. 

E 

0/5 

6/6 


24S mm. 
164 mm. 

S4 mm. 

800 c.c. 
4000 c.c. 

Esidrone 1 c.c. 

44. 

T.P. 

4/24 

4/25 


315 mm. 
176 mm. 

139 mm. 

600 c.c. 
5S00 c.c. 

Esidrone 1 c.c. 

45. 

T.P. 

4/30 

5/1 


254 mm. 
120 mm. 

134 mm. 

1000 c.c. 
3000 c.c. 

Esidrone 1 c.c. 

40. 

F.M. 

4/21 

4/22 


206 mm. 
226 mm. 

40 mm. 

200 c.c. 
4000 c.c. 

Esidrone 1 c.c. 

47. 

F.M. 

7/5 

7/0 


330 mm. 
240 mm. 

90 mm. 

700 c.c. 
4900 c.c. 

Esidrone 1 c.c. 

4S. 

A. F. 

4/19 

4/20 


320 mm. 
276 mm. 

44 mm. 

500 c.c. 
5300 c.c. 

Esidrone 2 c.c. 

49. 

A. F. 

4/21 

4/22 


310 mm. 
290 mm. 

14 mm. 

800 c.c. 
4000 c.c. 

Esidrone 2 c.c. 

50. 

A. F. 

4/25 

4/20 


364 mm. 
306 mm. 

5S mm. 

1S00 c.c. 
4000 c.c. 

Esidrone 2 c.c. 

51. 

A.F. 

4/29 

4/30 


330 mm. 
248 mm. 

82 mm. 

1100 c.c. 
5300 c.c. 

Esidrone 2 c.c. 

52. 

A. F. 

5/7 

5/6 


300 mm. 
170 mm. 

124 mm. 

1200 c.c. 
S300 c.c. 

Esidrone 2 c.c. 
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Table I — Cont’d 


NO. 

PATIENT 

DATE 

ARTERIAL 

BLOOD 

PRESSURE 

VENOUS 

BLOOD 

PRESSURE 

DROP IN 
VENOUS 
BLOOD 

PRESSURE 

URINARY 

OUTPUT 

DIURETIC 

53. 

A.P. 

5/16 

5/17 


270 mm. 
226 mm. 

44 mm. 

1000 c.c. 
1S00 c.c. 

Esidrone 1 c.c. 

54. 

A. P. 

5/20 

5/21 


274 mm. 
220 mm. 

54 mm. 

700 c.c. 
1900 c.c. 

Esidrone 2 c.c. 

55. 

A. P. 

5/27 

5/28 


278 mm. 
216 mm. 

62 mm. 

300 c.c. 
3500 c.c. 

Esidrone 1 c.c. 

1 

A. P. 

5/31 

6/1 


274 mm. 
250 mm. 

24 mm. 

300 c.c. 
3000 c.c. 

Esidrone 2 c.c. 

A. P. 

6/15 

6/16 


286 mm. 
194 mm. 

92 mm. 

1500 c.c. 
5700 c.c. 

Esidrone 2 c.c. 

A. P. 

6/20 

6/21 


20S mm. 
160 mm. 

48 mm. 

mmm 

Esidrone 2 c.c. 

3 


6/27 

6/28 


156 mm. 
92 mm. 

64 mm. 

1200 c.c. 
4600 c.c. 

Esidrone 2 c.c. 

■ 

7/1 

7/2 


128 mm. 
98 mm. 

30 mm. 

1200 c.c. 
4600 c.c. 

Esidrone 2 c.c. 

61. 

A. S. 

6/22 

6/23 


274 mm. 
272 mm. 

32 mm. 

400 c.c. 
2200 c.c. 

Esidrone 1 c.c. 

62. 


6/27 

6/28 



80 mm. 

200 c.c. 
2600 c.c. 

Esidrone 1 c.c. 

■ 


7/5 

7/6 


288 mm. 
204 mm. 

S4 mm. 

700 c.c. 
2000 c.c. 

Esidrone 1 c.c. 

64. 

J. T. 

5/5 

5/6 



S2 mm. 

650 c.c. 
3200 c.c. 

Esidrone 1 c.c. 

■HMf 

m 

J. T. 

6/5 

6/6 


232 mm. 
170 mm. 



Esidrone 1 c.c. 

J. T. 

6/15 

6/16 


140 mm. 
11S mm. 

22 mm. 

50 c.c. 
1400 c.c. 

Esidrone 1 c.c. 

P. B. 

4/22 
4/23 | 


266 mm. 
76 mm. 

190 mm. 

200 c.c, 
3300 c.c. 

Esidrone 1 c.c. 

W.L. 

4/17 

4/1S 


256 mm. 
126 mm. 

130 mm. 

600 c.c. 
4000 c.c. 

Esidrone 1 c.c. 

P.L. 

4/15 

4/16 


220 mm. 
74 mm. 



Esidrone 1 c.c. 

C. S. 

4/26 

4/27 



154 mm. 

S00 c.c. 
4000 c.c. 

Esidrone 1 c.c. 

J. S. 

4/15 

4/16 


mm 

116 mm. 

1900 c.c. 
2800 c.c. 

Esidrone 2 c.c. 

J.H. 

5/16 

5/17 


74 mm. 
40 mm. 

34 mm. 

900 c.c. 
1900 c.c. 

Esidrone 1 c.c. 

J. S. 

5/16 

5/17 


244 mm. 
150 mm. 

94 mm. 

1300 c.c. 
4500 c.c. 

Esidrone 1 c.c. 

J. C. 

5/27 

5/28 


112 mm. 
76 mm. 

36 mm. 

2000 c.c. 
3500 c.c. 

Esidrone 1 c.c. 

1ST. H. 

5/16 

5/17 


94 mm. 
72 mm. 

22 mm. 

900 c.c. 
1900 c.c. 

Esidrone 1 c.c. 

W. H. 

5/16 

5/17 


90 mm. 
70 mm. 

20 mm. 

400 c.c. 
1900 c.c. 

Esidrone 1 c.c. 

P. C. 

6/11 

6/12 


84 mm. 
64 mm. 

20 mm. 

mm 

Esidrone 1 c.c. 

C. P. 

6/22 

6/23 


130 mm. 
90 mm. 

40 mm. 

piiii 

Esidrone 1 c.c. 

W. L. 

7/6 

7/7 


254 mm. 
100 mm. 

154 mm. 

1700 c.c. 
5000 c.c. 

Esidrone 1 c.c. 
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METHOD OF STUDY 

The direct manometric method, using an IS-gauge needle in the antecubital vein, 
was employed, with 3 per cent sodium citrate solution as the anticoagulant. The 
arm position recommended by Griffith, Chamberlin and KitelicU in their modification 
of the Moritz and Tabora technique was selected. The normal variations of venous 
pressure by this method range between GO and 120 mm. of water. "We recognize 
the difficulty in making precise correction for the zero reference point, but believe 
that the level of the auricle can be readily estimated for the hydrostatic pressure 
equilibration. However, adduction of the arm was not complete, and slight flexion, 
in supination, at the elbow was permitted, thus obviating the objections raised by 
Brandt and Katz. 

All patients studied were placed on our cardiac regime, consisting of rest in bed 
and a diet of 1GS3 calories (carbohydrate 215 gm., protein 55 gin., fat 67 gnu, 
sodium chloride 0.9S5 gm.) with a total twenty-four-hour fluid intake of 1G00 c.e., 
including the calculated water content of foods. Potassium chloride was given 
at meals. Digitalis and ammonium chloride were used in most of the cases, with 
morphine and plienobarbital when necessary. A control period of three days gener- 
ally preceded the initiation of mercurial diuresis. The weight and twenty-four-hour 
urinary output were recorded daily. The venous blood pressure was measured by the 
direct method on admission, three days later, before the injection of the mercurial 
diuretic, and again twenty-four hours later. All readings were made at the same 
hour in the morning. Subsequent determinations were made before, and twenty-four 
hours following, the administration of the diuretic. The diuretic employed was 
esidrone (Ciba), the sodium salt of pyridineclicarboxy-f3-inercuri-a> hydroxypropy- 
lamide-tlieophylline, which contains 31.2 per cent of mercury in nonionizable form 
and 2S per cent of theophylline which is bound chemically to the mercury molecule. 
It is a stable, neutral, crystalline substance which is readily soluble in water. AYe 
have reported the remarkable effectiveness of esidrone in a previous communication. 
In this study esidrone was administered intravenously in doses of 1 or 2 c.c . ; eacli 
cubic centimeter contains 0.14 gm. of the drug, which equals 0.043 gm. of mercury. 

Table I summarizes the venous blood pressure readings in seventy- 
nine patients before, and twenty-four hours after, the intravenous in- 
jection of esidrone. The highest pressure in the series Avas 410 mm. 
Tiie maximum drop in twenty-four hours folioAving administration of the 
diuretic AA 7 as 174 mm. (from 410 mm. to 236 mm.). The aA T erage drop 
Avas 70 mm. One patient showed a rise of 2 mm. despite an output of 
3600 c.c. In all of the others there Avas a decrease, as Table I demon- 
strates. It is to be remarked that all of the patients had pronounced 
edema, Avhicli accounts for the large outputs. Included in the group 
Avere cases of hypertensive and arteriosclerotic, rheumatic, syphilitic, 
and thyrotoxic, heart disease, and chronic cor pulmonale. 

DISCUSSION 

We have found very little variation in the abnormal venous blood 
pressure readings in edematous patients unless pronounced diuresis 
occurs. The folioAving examples (Table II) illustrate this point. 
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Table II 



URINARY 

OUTPUT 

VENOUS 

BLOOD 

PRESSURE 

COMMENT 

F.M. 




7/ 3/3S 

300 C.C. 

296 mm. 


7/ 4/3S 

200 c.c. 

346 mm. 


7/ 5/3 S 

300 c.c. 

330 mm. 


7/ 6/3 S 

4900 c.c. 

240 mm. 

Esidrone 1 c.c. 

JV.M. 




7/ 2/3 S 

700 c.c. 

366 mm. 


7/ 3/38 

S60 c.c. 

336 mm. 


7/ 4/3S 

580 c.c. 

330 mm. 


7/ 5/3S 

1S00 c.c. 

260 mm. 

Spontaneous diuresis 

7/ 6/3S 

1700 c.c. 

254 mm. 

Spontaneous diuresis 

7/ 7/3S 

5000 c.c. 

100 mm. 

Esidrone 1 c.c. 

E.A. 




7/22/3S 

600 c.c. 

330 mm. 


7/23/38 

1000 c.c. 

320 mm. 


7/24/38 

700 c.c. 

340 mm. 



It will be observed that, diuresis is associated with the drop in venous 
blood pressure, and that the fall is directly proportional to the degree 
of diuresis. When relatively slight spontaneous diuresis occurs the 
drop in the venous pressure is relatively small, whereas with the pro- 
nounced diuresis produced by esidrone the drop in the venous blood 
pressure is much more pronounced. A large spontaneous diuresis nat- 
urally produces the same result. These statements apply to the imme- 
diate effects at the end of twenty-four hours. In cases in which im- 
provement continued as a result of general cardiac management and 
repeated injections of the diuretic, the venous blood pressure continued 
to descend until it reached normal values. However, a rise generally 
occurred after the diuresis subsided, although the previous high levels 
were not attained unless the edema became more pronounced or the 
heart failure more severe. 

These observations indicate that the venous blood pressure falls as 
diuresis occurs. The cause of the decrease may be ascribed to one or 
several factors. The pressure of edema fluid surrounding the peripheral 
veins decreases with diuresis, thus increasing the capacity of the veins. 
This lowers the venous blood pressure by permitting relaxation. Sec- 
ond, it may be that the heart muscle itself is edematous; if so, a reduc- 
tion of this edema should increase its efficiency. Third, the increase 
in vital capacity which follows the diuresis means that intrathoracic 
pressure is more negative, with the result that blood flow into the thorax 
is facilitated. Again, the reduction of edema in and about the peripheral 
muscles improves the efficiency of muscle contraction, which is an im- 
portant factor in venous flow. In another communication we shall pre- 
sent evidence to indicate that diuresis influences the central nervous 
system, and therefore the central venopressor regulating mechanism. 
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SUMMARY AMD CONCLUSION'S 

The immediate effect of mercurial diuresis (and also of copious 
spontaneous diuresis) on the venous blood pressure is to produce a de- 
crease. The drop in venous pressure is apparently directly proportional 
to the degree of diuresis. This fall in venous pressure is an objective 
measure of clinical improvement in the treatment by mercurial diuretics 
of patients with heart failure and edema. 
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PLETHYSMO GRAPHIC STUDIES OF PERIPHERAL BLOOD 

FLOW IN MAN 

I. Criteria for Obtaining Accurate Peethysmograpiiic Data* 

David I. Abramson, M.D.,f Herman Zazeela, M.D., and 
Joseph Marrus, B.S. 

Cincinnati, Ohio 

T HE problem of Wood flow in the extremities under various physio- 
logic and pathologic states has recently been subjected to further 
investigation. The studies generally have employed the plcthysmograph, 
although occasionally the indirect calorimetric method 1 ’ 2 has been sub- 
stituted. With the latter, the extremity is immersed in a known volume 
of water and the amount of heat given off in a definite period of time 
is measured by noting the increase in the temperature of the water. 
With the former method, the extremity is inserted into a plethysmograph 
and the initial rate of swelling of the limb recorded when a collecting 
pressure is applied, i.e., one sufficient to occlude venous outflow without 
interfering with arterial inflow. The principle underlying this pro- 
cedure was utilized by Brodie 3 for determining blood flow through an 
organ, and was then modified by Hewlett and van Zwaluwenburg* for 
similar measurements in an extremity. The method was not widely 
employed until recently, when Freeman 5 modified it somewhat to 
measure blood flow in the hand. Numerous investigators have made 
use of the hand plethysmograph in various physiologic experiments, °"° 
while others have worked with a similar type of apparatus for measur- 
ing blood flow through the forearm 30 " 12 and the foot . 0 ’ 12 

Critical perusal of the pertinent literature reveals a marked variation 
in the absolute blood flow figures for apparently normal subjects. In 
fact, great differences have been observed in the same individual on 
different days, a finding which is probably due in part to normal varia- 
tions in cardiac output. Most investigators either state or imply that 
conditions must be controlled rigidly if any significance is to be attached 
to such results. However, these conditions and the manner of con- 
trolling them are generally only casually mentioned, or not in sufficient 
detail to be of help in guiding a beginner in the field. 

Since interest in peripheral vascular disease continues to increase, and 
since the method of choice in the study of this subject will most likely 

*From the Medical Service of B. S. Oppenheimer, Mt. Sinai Hospital, New Y'ork, 
and the Institute for Medical Research. The Jewish Hospital, Cincinnati, Ohio. 

Aided in part by the Samuel and Regina Kuhn Fund. 

fWork done in part during tenure of the Richard and Ella Hunt Sutro Fellowship. 
Received for publication August S, 1938. 
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Fig. 1. — Photographs of foot plethysmograph. A, 1, Edge of inner cylinder over which rubber membrane is stretched 
and held in place with brass ring; 2, opening for wide glass tube; 3, opening for calibrating burette; opening for 
thermometer; 5, support for iris diaphragm; ( 1 , outlet tube for removal of water; 7, shaft of propeller for stirring 
water; S, switches for propeller and electric heater. B, 1, Rubber cuff attached to rubber membrane; 2, wide glass 
tube ; ,1, calibrating burette; .}, thermometer; 5, support for glass tube and burette; 6, iris diaphragm covering rubber 
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involve tlie further use of the plethysmography it was considered ad- 
visable to investigate in detail the various mechanical and physical diffi- 
culties which must be overcome before constant and reliable blood flow 
data can be obtained. The purpose of the present report is to describe 
those conditions which may lead to the production of artifacts, and the 
means utilized to correct or eliminate them. In all instances, blood flow 
figures for the foot were obtained simultaneously with those for either 
the hand or forearm. 

DESCRIPTION OF PLETHYSMOGRAPHS AND OF PRELIMINARY PREPARATION 
FOR BLOOD FLOW DETERMINATIONS 

Foot Plethysmograph . — Tlie foot plethysmograph (Fig. 1) consists of two con- 
tainers of brass or monel metal (one fitted into tlie other so as to form an insulated 
space) which are made grossly in the shape of a boot and sufficiently large to permit 
easy entrance of the foot. The latter is inserted into the machine for a distance 
of 8% inches and rests on a fine wire mesh placed about 1% inches from the bottom 
of the inner chamber. Below this platform are an electric stirrer and an electric 
heater. At the upper end, besides the aperture through which the foot passes, there 
are three other openings for a thermometer, wide glass tube, and calibrating burette, 
respectively (Fig. 1 A: 4, 2, 3). 

A cuff, made from the wrist portion of a surgical glove and connected to a dia- 
phragm of heavy rubber (one-sixty-fourths of an inch in thickness), is attached 
snugly to the skin of the leg with rubber cement, and the foot is then inserted into 
the plethysmograph, previously two-thirds filled with water at 32° C. The upper end 
of the apparatus is made water-tight by stretching the membrane over the edge 
of the inner cylinder (Fig. 1 A: 1 ) and clamping it in place with a brass ring. In 
order to prevent bulging of the rubber, a felt pad, cut out to conform to the leg, is 
placed above the rubber membrane and held in position with an iris diaphragm 
(Fig. IB: 6). Water is added until the apparatus is filled completely, and then 
the thermometer, wide glass tube, and calibrating burette are placed in the three 
openings at the upper end of the machine (Fig. IB: 4, 2, S'). All air is expelled 
and water from the burette permitted to enter until a level is observed in the glass 
tube. The burette is then clamped off and the glass tube connected with rubber 
tubing to a Brodie’s bellows* of 20 c.c. capacity. A modified sphygmomanometer 
cuff, 2 inches wide, is placed around the leg and connected to a reservoir and mercury 
manometer which are so arranged that the cuff can be inflated to the desired pres- 
sure, and deflated, without any lag. 

Forearm Plethysmograph . — In the case of the forearm plethysmograph, the pro- 
cedure is a little more time-consuming, for, since the hand is excluded from the in- 
terior of the recording chamber, there are two openings, i.e., the entrance to, and 
the exit from, the apparatus, which must be made water-tight. In order to minimize 
vasomotor responses, it has been thought desirable to immerse the hand in water at 
the same temperature as that surrounding the forearm. The plethysmograph (Fig. 
2), therefore, consists of an inner brass cone, the recording chamber, which is 5% 
inches long (having a diameter of o 1 /! inches at one end, and 4% inches at the 
other) and contains three holes on its upper surface for the insertion of a thermom- 
eter, wide glass tube, and calibrating burette (Fig. 2 B: 5, 3, 4). The inner cone 
is suspended permanently at its larger end in a brass receptacle (Fig. 2 C). Rubber 

‘Recently Freeman and Zeller 13 have suggested the use of a miniature ICrogh 
spirometer, which evidently has certain advantages over the Brodie’s bellows for 
recording blood flow measurements. 
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Fig:. 2. — Photographs of forearm plethysmograph. A, View showing entrance to 
apparatus ; J, wire screen for support of forearm ; S, edge of inner cylinder over which 
rubber membrane is stretched and held in place with brass ring; S, support for iris 
diaphragm ; ■), panel hoard with switches for electric heater and propeller. Above it is 
a thermostat. B, Same view with rubber membrane stretched over ring and supported 
by iris diaphragm ; 1, rubber cuff attached to rubber diaphragm ; 2, iris diaphragm in 
position; 3, large glass tube; calibrating burette; 5, thermometer; 6, lid covering 
outer chamber. G, View showing interior of plethysmograph ; 1, opening for thermom- 
eter; 2, opening for large glass tube; 3, opening for calibrating burette; !>, outlet 
tube for inner chamber; 5, edge of inner cylinder over which rubber membrane is 
stretched and held in place with brass ring ; 6, wire screen, same as A, 1 ; 7, outlet 
tube for outer chamber. T>, Same view as G except that rubber membrane is stretched 
over exit to plethysmograph ; 1, rubber cuff attached to rubber membrane ; 2, shaft of 
propeller for stirring water ; 3, electric motor ; i, iris diaphragm in place. 

In order to convert apparatus into a hand plethysmograph, a piece of rubber 
sheeting is substituted for membrane with cuff attached, and this is stretched over 
the exit to inner chamber and supported by a wooden disc and iris diaphragm. 
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cuffs (each connected to a rubber diaphragm) are attached with rubber cement to 
the proximal and distal portions of the forearm, which is then inserted into the 
plethysmograph so that the hand passes through to rest on a support in the outer 
chamber. Both openings to the plethysmograph are made water-tight by stretching 
the diaphragms attached to the cuffs over the ends of the inner tube (Fig. 2d: 3 and 
C: 5 ) and retaining them in place with rings; the membranes are prevented from 
bulging as in the foot apparatus (Fig. 25: 2 and D: 4). The inner and outer cham- 
bers are then filled with water at 32° C., all air is excluded from the former, and 
the thermometer, large glass tube, and calibrating burette are inserted into their 
respective openings (Fig. 2 B: 5, 3, 4 and C: 1, 2, 3) ■ the glass tube is connected by 
pressure tubing to a B rodie's bellows of 20 c.c. capacity. The temperature of the 
" atei in the inner and outer chambers is kept at the desired level by means of an 
electric heater immersed in the water, and an electric stirrer situated in the outer 
chamber. A lid (Fig. 2 B: 6) placed over the latter diminishes the loss of heat to 
the outside. A blood pressure cuff, about 2 inches in width, is placed around the 
arm and connected to a pressure reservoir. 

Hand Plethysmograph . — The forearm plethysmograph, described above, can be 
used to obtain blood flow in the hand alone by closing off the inner opening of the 
recording chamber (Fig. 2 G: 5) with a piece of rubber sheeting supported by a 
wooden disk and iris diaphragm.'* This forms a compartment large enough to con- 
tain the hand comfortably. All steps for preparing and enclosing the extremity in 
the plethysmograph are similar to those described above. The modified sphygmoma- 
nometer cuff (about 1% inches wide), however, is applied to the lower portion of the 
forearm close to the entrance of the extremity into the plethysmograph. 

The subject of the experiment lies comfortably relaxed on a couch with the ex- 
tremities (generally the contralateral upper and lower ones) in their respective 
machines. In using the lower plethysmograph, which is raised somewhat from the 
floor, the thigh is slightly extended over the couch with the leg almost at right angles 
to the rest of the body, so as to permit the foot to rest comfortably on the wire 
mesh platform. Care is taken to remove any strain on the hamstrings. In using 
the hand or forearm plethysmograph, the upper extremity lies at about the level of 
the heart, making an acute angle with the trunk. The arm is supported and held 
firmly in place by means of sand bags, but care is taken not to exert any pressure on 
the superficial veins. The subject is lightly clothed and the environmental tempera- 
ture is maintained as constant as possible between the limits of 25 and 27° C. All 
external stimuli, as well as emotional distractions, are excluded so as to reduce 
nervousness and apprehension to a minimum. 

Since the preparations associated with the above procedures consume more than 
one-half hour, the subject has an opportunity to rest for at least this period of time 
before determinations of blood flow are made. When all preliminary nork is com 
pleted, each Brodie’s bellows is half filled with air and connected to a small aluminum 
cup-pen by a long light lever; the pens and an electric time marker, recording 
seconds, are then aligned on the drum. Following this, the venous pressure is 
measured in order to determine the degree of obstruction to the superficial \cins. 
This is obtained by observing the lowest pressure in the cuff which causes an increase 
in the size of the extremity. In the hand or forearm it is generally less than 10 
mm. ng, while in the foot it is about 35 111111. Ilg. Blood flow measurements are then 
obtained by simultaneously producing an occlusion pressure of 70 mm. Ilg m 1 
upper cuff and 110 mm. Ilg in the one on the leg, maintaining it for a period ot 
about ten seconds, and recording the initial rate of increase in the volume ot each 


•In some experiments the hand plethysmograph described by Freeman* was used. 
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extremity. The pressures are then released and a tracing obtained of the return 
to the baseline. In the case of the forearm, Grant and Pearson 12 have recently 
presented evidence to show that it is necessary to place another blood pressure cuff 
around the lower portion of the extremity, close to its emergence from the plethysmo- 
graph. A pressure of 200 mm. Ilg is applied fifteen seconds before, and maintained 
during, the period of blood flow determination. If this procedure is not followed, the 
rate of swelling of the portion of the forearm in the plethysmograph will be in- 
fluenced by venous return from the part lying distally to it. Blood flow measure- 
ments are recorded at frequent intervals, but arc never repeated within a period of 
time equal to twice the duration of the preceding period of application of pressure. 

DISCUSSION OF METHOD 

The above method may be open to criticism because of the many fac- 
tors, some beyond control, which can change blood flow markedly. 
Therefore, in order to be able to attach significance to data thus ob- 
tained, it is essential first to present in detail the conditions under which 
they are collected and the precautions taken to minimize the variables. 


A 

2 

1 I 1 1 1 L_ 



1 

B 

1 1 1 1 i 1_ 





Fig. 3. — Examples of artifacts in records. A, 1, Artifact in a record representing 
blood flow in the foot, produced by the movement inward of the extremity upon pro- 
duction of occlusion pressure in the modified sphygmomanometer cuff ; 2, artifact 
eliminated from record by readjustment of cuff. B, J, Artifact in a record represent- 
ing blood flow in the foot, produced by the movement outward of tiie extremitv upon 
production of occlusion pressure ; 2, artifact eliminated from record bv readjustment 
of cuff. 


Position of Sphygmomanometer Cuff . — It was found that the position 
of the blood pressure cuff was important in obtaining accurate readings. 
When applied incorrectly, it tended to produce artifacts by causing the 
extremity to move in or out of the plethysmograph as the pressure was 
let into the bag. A movement inward was easily identified by an almost 
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abrupt ascent of the lever and then a sudden change in the contour of 
the curve, which became more gradual in its rise (Fig. 3 A: 1). A move- 
ment outward of the extremity generally produced a sudden drop in 
baseline, followed by a more gradual rise (Fig. SB: 1 ). When these 
artifacts were observed on the drum, the position of the cuff was changed 
until they disappeared. 

In reference to the procedure of obtaining measurements of blood 
flow through the hand, it was found that varying the position of the 
blood pressure cuff did not (except in occasional instances) alter the re- 
sults so long as it remained upon the forearm. For the sake of uni- 
formity, however, the cuff was placed around the wrist about one-half 
inch behind the iris diaphragm. With the forearm plethysmograph, a 
satisfactory position for the cuff was generally obtained by wrapping 
it around the lower portion of the arm, just above the elbow. In the 
lower extremity, it was found advantageous to place the cuff around the 
flattest portion of the calf, about 4 inches above the point of entrance 
of the leg into the plethysmograph, since the possibility of producing 
artifacts was less with this position than with any other one. Actually, 
a satisfactory application of the cuff was generally obtained only after 
a number of trials, and in some subjects with well-developed, bulging 
calf muscles it was impossible to find a position which did not result 
in the production of artifacts in the records. 

Occlusion Pressure . — In respect to the pressures necessary to occlude 
veins without interfering with arterial inflow, it was found that although 
pressures as low as 40 mm. Hg were satisfactory for the upper extremity, 
with 70 mm. the effect was always maximal. Pressures above this level 
tended to decrease the abruptness of the ascent of the curve. In the case 
of the foot, it was necessaiy to raise the pressure to 110 mm. before con- 
sistently maximal flows were obtained, although pressures as low as 80 
mm. sometimes produced similar results. 

Position of Loiver Plethysmograph . — As has been stated before, it 
was found that the constrictive effect of the glove upon the superficial 
veins of the upper extremity was so slight that the resulting venous pres- 
sure was generally less than 10 mm. Hg. However, in the case of the 
foot, although the cuff was applied with equal care, the apparent venous 
pressure, as measured by the method described above, was generally 
35 to 40 mm. Hg. This high pressure was thought to be due to the 
fact that the leg was in the dependent position during the test, and also 
to the fact that a certain amount of the pressure applied to the leg was 
dissipated in compressing a greater proportion of muscle tissue (as com- 
pared with the forearm and arm) before it could effectively occlude the 
veins and thus increase the volume of the extremity; the latter was the 
criterion for determining venous pressure. In reference to the first 
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point, in a number of trials the lower extremity was extended horizontal 
to the body and the plethysmograph fitted over it in this position, where- 
upon it was found that practically the same minimal pressure was neces- 
sary to produce an increase in the foot-leg volume. Besides, it was soon 
realized that this position was impracticable, since it was conducive to 
the formation of leaks between the cuff and the leg because the hydro- 
static pressure of the water in the plethysmograph (equal to about 25 
mm. Hg) tended to peel the adherent glove away from the skin. Con- 
sequently this position was utilized only occasionally. 

Air in Apparatus . — A number of previous investigators 5 ’'’ 0 ’ 13 ad- 
vocated filling the plethysmograph completely with water and then 
removing a certain amount (10 to 50 c.c.) so that there would be a thin 
layer of air in the apparatus for transmission of volume changes to the 
Brodie’s bellows. This method was tried at the beginning, but was soon 
found unsatisfactory for a number of reasons. First of all, there was 
a tendency to the formation of isolated air pockets not connected with 
the main bod.y of air. These pockets acted as cushions which tended to 
be compressed during a blood flow determination and, as a result, the 
full extent of the volume change of the extremity was not recorded on 
the drum. Furthermore, slight movements of the hand in or out of the 
apparatus would vary the relative amounts of air and water present. 
An attempt was made to overcome this difficulty by filling the machine 
entirely with water before each determination, and then removing the 
desired amount. This was a rather tedious and time-consuming pro- 
cedure and did not do away with the possibility of formation of air 
pockets. Another objection to the use of air in the plethysmograph was 
the fact that the temperature of the room was generally lower than 
that of the water and, as a result, the air in the plethysmograph was 
exposed to a temperature which was greater than that in the Brodie’s 
bellows (which might be considered to be grossly equal to that of the 
room). Consequently, as the air in the plethysmograph was heated, it 
expanded and left the machine, and cool air replaced it, thus causing 
spontaneous artifacts in the baseline. This factor was especially trouble- 
some when the temperature of the plethysmograph was raised to 45° C. 
while that of the room remained at 25° C. 

In order to overcome the above difficulties the plethysmograph was 
filled entirely with water and all air pockets were dislodged by tilting 
the apparatus a number of times; with each attempt water was per- 
mitted to enter from the calibrating burette. When no more air could 
be expelled the amount of water in the plethysmograph was increased 
until it could be seen in the wide glass tube leading to the Brodie’s 
bellows. It was maintained at this level throughout the experiment. 
In this way, only a small amount of water was exposed to the air in the 
recording system. 
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Calibration .. — In most of the previous investigations with the hand 
plethysmograph 5 ’ 9 ’ 13 the recording system was calibrated by injecting 
1 to 5 c.c. of air into the tubing leading to the Brodie’s bellows and 
then applying the scale thus obtained to determine the rate of increase 
of the hand volume (as represented on the drum) when the collecting 
pressure was applied. This method is open to criticism if absolute blood 
flow figures are desired, since a 1 e.e. increase in hand volume does not 
produce as great a rise of the lever as does an injection of 1 c.c. of air 
into the tubing leading to the Brodie ’s bellows, for the following reason : 
when the hand volume is increased, an equal volume of water is dis- 
placed, only part of which in turn displaces its equivalent volume of 
air in the recording system. The rest tends to distend or somewhat 
stretch the membrane through which the hand passes, even when it is 
supported by the felt pad and iris diaphragm. As a result, the entire 
volume change is not represented in the graph (for explanation see be- 
low). Furthermore, since the tension of the rubber membrane will most 
likely be different in each experiment (resulting in variations in the 
sensitivity of the apparatus), while the calibration with the above 
method will always remain constant, another source of error maj r be 
introduced if comparisons of absolute blood flow determinations are 
made under these conditions. However, for any experiment which is 
complete in one trial, relative figures will have some significance. 

In the present investigation calibrations were made under conditions 
similar to those of the blood flow measurements. In other words, each 
plethysmograph was calibrated with the extremity in place by per- 
mitting water from the burette to enter the machine in 2 c.c. amounts 
and recording the rise of the lever with each increment. In the case of 
the hand, since oscillations resulting from the heart beat as well as 
spontaneous variations in vasomotor tonus tended at times to introduce 
a large error, a pressure of 200 mm. Hg was generally introduced into 
a cuff on the arm during the period of calibration in order to obstruct 
all flow of blood into the extremity. In the case of the foot or forearm, 
such precautions were generally not necessary because spontaneous 
changes in the baseline were not marked. The calibrations thus obtained 
were used as a basis for forming a scale in which each subdivision was 
equal to 0.25 c.c.; the sensitivity of the recording system was such that 
the lever of the bellows rose about 15 mm. on the drum with each volume 
change of 1 c.c. in the plethysmograph. By means of this scale the 
rate of peripheral blood flow was calculated by measuring the ' height 
of average rise from the baseline of each curve at tiie end of the first 
second following the application of the collecting pressure. The initial 
portion of the tracing was the most rapid in its ascent and consequently 
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more nearly represents unopposed arterial inflow. All tracings which 
curved upward for a short period of time (one second, or so) and then 
flattened out to form a plateau were discarded because they most likely' 
indicated the presence of an abnormally large quantity of blood in the 
venules and veins. This would tend to oppose the flow of blood into 
the extremity and hence contribute toward low blood flow determina- 
tions. The figures obtained from records considered satisfactory were 
then converted into flow per minute and flow per minute per 100 c.c. 
of limb volume. The volume of the hand or forearm was readily ob- 
tained by subtracting the amount of water necessary to fill the 
plethysmograph with the extremity in place from the figures represent- 
ing the capacity of the apparatus. The foot-leg volume was obtained 
by inserting that part of the extremity previously in the plethysmograph 
into a large container completely filled with water and measuring the 
displacement volume. Generally, the hand volume varied from 350 to 
550 c.c., the forearm from 400 to 600 c.c., and the foot-leg volume from 
1200 to 1800 c.c. 

Diameter of Glass Tube of Recording System . — The fact that a large 
glass tube was used in each plethysmograph to join the rubber tubing 
connected with the Brodie’s bellows to the apparatus has been purposely 
stressed, for it was found that when a small tube (about 0.5 cm. in di- 
ameter) was substituted for the one in the hand or forearm plethysmo- 
graph (2.2 cm. in diameter) the sensitivity of the recording system 
was markedly diminished. For example, the entrance of 2 c.c. of water 
from the calibrating burette into the hand or forearm plethysmograph 
generally caused the lever (of a constant length) connected to the 
Brodies bellows to rise about 30 mm. with the larger tube in place, 
but this l’esponse was diminished to 9 mm. with the smaller tube. In 
fact, if a narrow tube was utilized with the foot plethysmograph, the 
sensitivity of the entire system was so slight as to make it almost im- 
practicable for use. The cause for this difference in response is partly 
the same as that which accounts for the marked valuations between water 
and air calibrations. For, as has been stressed, the plethysmograph is 
not. a chamber of fixed capacity, since it has one wall (in the case of the 
forearm, two walls) composed of rubber membrane which remains dis- 
tensible. Consequently, during a blood flow determination, when a rise 
in the height of the column of water in the glass tube takes place there 
is an increase in the hydrostatic pressure of the system, which in turn 
further stretches the membrane. As is obvious, the entrance of equal 
quantities of water info a large and a small tube, respectively, will result 
in a much greater increase in hydrostatic pressure in the latter, and 
hence produce a greater distention of the membrane, with a less marked 
effect upon the recording system. 
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Fig. 4. — See text for explanation. 


The explanation for the above findings can be presented more simply by means of 
a substitute system (Fig. 4) which has all the essential physical properties of the 
plethysmograpli and its recording mechanism. The plethysmograph itself is repre- 
sented by the U tube, T, one limb of which is covered at its upper end by a rubber 
membrane, B, the equivalent of the elastic pocket formed by the rubber diaphragm 
of the plethysmograph. The syringe, S, is utilized to deliver a definite volume of 
water to the apparatus, imitating the swelling of the extremity during a blood flow 
determination. OB is the equivalent of the tube leading to the Brodie’s bellows 
from the plethysmograph. The water level, H, in this tube acts like a piston to dis- 
place a volume of air which in turn raises the Brodie’s bellows, B, with its attached 
lever. Now, if a rigid membrane is substituted for the rubber one, B, then the ad- 
dition of a definite volume of water to the U tube (previously filled with water to the 
level, L) will cause the water to rise a certain height, h, in OB. If the rubber mem- 
brane is now replaced and the same step performed, the rise in OB will be greater 

than but less than h for the following reason : 

The rubber membrane will be exposed to a force which tends to distend it, thus 
increasing the volume capacity of the space bordered by the membrane. The magni- 
tude of this force is determined by the difference in height of the points 21 and B, 
equal to h ■ the larger h is for a given injected volume, the greater is the force, and 
hence the elastic loss. The greater the diameter of OB, the smaller is h for the same 
injected volume. Therefore, it follows that the loss will become less and less, as the 
cross section of OB increases.* 

*We are indebted to Dr. A. IColin of Mt. Sinai Hospital for the above explanation. 
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By applying the various plethysmographs to the limbs as described 
above, blood flow determinations which are representative of different 
combinations of peripheral blood beds can be obtained. For instance, 
in the case of the hand, the predominant flow is through the skin and 
subcutaneous tissues, which, according to Grant and Pearson, 1- make 
up about 50 per cent of the volume of the fingers. On the other hand, 
figures obtained for the upper portion of the forearm will indicate 
largely the flow through muscle, since about 85 per cent of the volume 
is made up of this tissue. 12 Finally, in the case of the lower extremity, 
with all of the foot and part of the leg in the plethysmograph, a com- 
posite type of response will be elicited. 

By obtaining blood flow measurements in a foot and hand, or a foot 
and forearm, a means is at hand for determining simultaneously the 
effect of various physiologic procedures upon the different types of blood 
beds. Further, by varying conditions to which one extremity is exposed, 
distant effects on blood flow can be observed as manifested by changes 
in the other. 

SUMMARY 

The various pitfalls associated until plethysmographic determinations 
of blood flow in the extremities are presented. The criteria used to 
recognize and eliminate artifacts in the records are discussed. 
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PLETHYSMO GRAPHIC STUDIES OF PERIPHERAL BLOOD 

FLOW IN MAN 


II. Physiologic Factors Affecting Resting Blood Flow in the 

Extremities* 

David I. Abramson, M.D.,t Herman Zazeela, M.D., and 
Joseph Marrus, B.S. 

Cincinnati, Ohio 

I N A preceding paper 1 attention was called to the mechanical and physi- 
cal difficulties in the use of the plethysmograph which might lead to 
erroneous determinations of blood liow measurements in the extremities. 
In addition to these, there are numerous physiologic factors which may 
also produce marked variations. In the present report these are de- 
scribed and means of control or elimination suggested, in order that 
significant and reproducible data may be obtained. As reported in the 
previous paper, 1 the foot plethysmograph was used in conjunction with 
either a forearm or hand apparatus. 

1. Spontaneous Variation in Vasomotor Tonus . — One of the most im- 
portant factors contributing to variations in blood flow is the spontane- 
ous changes in vasomotor tonus occurring during the period of observa- 
tion. This is especially so in the case of the hand, which, because of its 
relatively large area of highly specialized skin with many arteriovenous 
shunts, is particularly responsive to impulses from the vasomotor center. 
In order to minimize this extraneous influence, blood flow measurements 
were made with the blood vessels in the hand relatively dilated. This 
state was determined when the baseline of the recording system spon- 
taneously reached its highest level, indicating a maximal blood volume 
in the extremity as a result of more rapid blood flow through it per unit 
of time. Once this level was observed, it was used throughout the experi- 
ment. Possible errors arising from spontaneous variations were further 
obviated by recording at least thirteen to fifteen consecutive resting 
blood flow measurements and computing the average of the figures. In 
the case of the foot and forearm these difficulties are not encountered 
to the same extent. 

2. Effect of Painful Stimuli . — Fluctuations such as are observed dur- 
ing the period when the skin is being prepared for insertion of a needle 
into a vein, or during the actual procedure of injection, cannot be en- 
tirely eliminated, but they may be obviated somewhat by using subjects 
who are stolid and have previously been exposed to many similar tests. 
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and the Institute for Medical Research, The Jewish Hospital, Cincinnati, Ohio. 
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Since painful stimuli generally produce vasoconstriction, 2 a decrease in 
blood flow during these periods is given little consideration in the in- 
terpretation of the data. 

3. Effect of Varying Temperature of Wafer in PI cthy sinographs 
(Bath Temperature). — A. Flow at 32° C. Since it was found that ex- 
posing the extremity in the plethysmograph to the low hath temperature 
(20 to 25° C.) used in some studies produced a marked slowing of blood 
flow, it was decided to adopt more nearly physiologic conditions by 
maintaining the temperature of the water at the same level as that of the 
skin, namely, at 32° C. Examination of Table I reveals that the average 
flow per minute per 100 c.e. of limb under these conditions is greatest in 
the hand, less in the foot (including the lower portion of the leg) and 
least in the forearm (Fig. 1). In some instances, following the above 


ABC 



Fig. 1. — Effect of varying- bath temperature in plethysniograpiis upon blood now in 
band, forearm, and foot (with portion of leg). Subject L. S. 



(X) 

FLOW AT 32°C. 
(C.C.) 

(2) 

FLOW AT 32°C. 
WITH VESSELS 
REFLEXLT 
DILATED (C.C.) 

(3) 

FLOW AT 45°C. 

( C.C. ) 

.1, right hand (vol. 130 c.c.) 

10. G 

27.3 

33.0 

B, right forearm (vol. GOO c.c.) 

2.5 

4,7 

11 1 

C , left foot (vol. 1450 c.c.) 

4.D 

10.1 

1 5.2 


n „. A ll.n l ' E:ilres , represent the number of cubic centimeters of blood now per minute 
per 100 c.c. of limb volume. Time in seconds. Calibrations, 1 division equals 0.5 c.c. 
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step reflex vasodilatation of one or both extremities in the plethysmo- 
graphs was then produced by applying heat to other portions of the body 
for at least three-quarters of an hour. 3 * 4 Generally, an increase in blood 
flow was obtained which was especially marked in the hand and less 
so in the forearm and foot (Fig. 1), which observations are in accord 
with those of Grant and Pearson. 5 In the case of four subjects on whom 
paravertebral block had been performed previously, this phenomenon 
was not elicited in the anesthetized foot. These findings in the lower 
extremity are further confirmatory evidence for the statement that reflex 
vasodilatation depends upon the integrity of vasomotor nerves, a view 
which is based upon observations in the normal and sympathectomized 
hand. 3 * G> 7 

Table I 

Besting Blood Flow Measurements at Bath Temperatures op 32° and 45° C. 
and Boom Temperature Between 25° and 27° C. 


SUBJECT 

AGE 

HAND | 

forearm: 

i 

! FOOT-LEG 

NO. OP 
TRIALS 

O 

<M 1 
CQ 

O 

fa <i 

O 

& t 

S E< 

b, < 

NO. OP 
TRIALS 

O 

Cvl 

as 

FLOW 

AT 45° 

NO. OP 
TRIALS 

O 

fa ■< 

o 

. \rs 

o „ 

fa 

K.M. 

24 1 




3 

2.4 

7.2 

1 

5.4 

13.9 

L. S. 

50 

4 

14. S 

33.2 

3 

2.3 

12.8 

12 

4.2 

35.0 

V.B. 

29 




2 

1.7 

6.S 

1 

4.0 


B,T. 

23 




2 

2.3 

11.8 




17. G. 

22 




3 

1.8 

7.1 

1 

5.0 


D. G. 

21 




2 

3.1 

7.S 

1 

3.0 


J.M. 

28 

2 

10.3 

39.0 




1 

1.3 

9.9 

F. A. 

30 







1 

2.4 

17.2 

S. S. 

42 

6 

21.9 

39.2 







L. N. 


2 

19.1 

3S.3 




1 

6.6 

10.5 

K . W. 

19 







1 

3.6 


A. S. 

23 







1 


15.6 

P.S. 




1 




3 

4.7 


L. K. 


2 

19.1 

35.5 




2 

3.3 

14.9 

A. B. 

44 

S 

10.5 

41.0 




9 

3.9 


J. G. 

22 

2 

11.0 

1 




1 

5.S 


M. S. 

26 

4 

11.2 








J. T. 

41 

2 

10.0 








R. R. 

36 

2 

15.0 

37.5 







H. F. 


7 

16.9 

39.0 







P.M. 

50 

7 

19.7 

34.7 







S.3ST. 

38 

3 

1S.1 

34.1 







R. G. 

27 

2 

10.1 

j 40.5 







F. A. 


2 

13.0 

1 39.8 





' 


F.S. 


1 

12.2 

41.9 







H. L. 

38 

8 

11.5 

33.1 







S.R. 

33 

4 

9.1 

37.1 

i 







All figures represent blood flow per minute per 100 c.c. limb volume. 


B. Flow at 45° C. When the flow at 45° C. is compared for the three 
sites (Table I), that in the hand is uniformly greater than that in either 
the foot or forearm; this difference is probably due to the greater 
quantity of blood flowing through the specialized skin vessels of the 
fingers. As noted in Table I, the range of normal blood flow measure- 
ments in the hand varies to a much greater extent when the bath tem- 
perature is 32° than when it is 45° C. This may be ascribed to the 
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probability that fluctuations in vasomotor tonus are more apparent at 
the lower temperature. Further evidence for this view is the fact that 
spontaneous variations in the baseline generally observed at 32° ai'e 
practically absent at 45°. 

4. Effect of Varying Environmental Conditions . — Other factors which 
must be controlled in order to obtain comparable blood floiv readings 
are the relative humidity (which should be around 50 per cent) and 
the temperature of the room. The most satisfactory range for the latter 
for obtaining stable results is between 25 and 27° C., for under these 
conditions there is neither marked peripheral vasconstriction nor dilata- 
tion. If the temperature drops a degree or more below the lower limits, 
the resting flow at a bath temperature of 32° is significantly diminished, 
or if it rises much above 27° the flow tends to approach in magnitude 
that obtained with reflex vasodilatation. In certain respects these last 
two states (i.e., flow at high room temperatures and that with reflex vaso- 
dilatation) arc similar, one merely representing a somewhat more 
marked stage of the other. 


A B 



mgr. 2. — Effect of varying environmental temperature upon blood flow in a subject 
(ILL.) abnormally sensitive to cold. A, Room temperature of 21 to 24°. Upper 
fn'apbi. flow in right hand (vol. 4S0 c.c.) 4.G c.c. Lower graph, flow in left foot and 
adjoining portion of leg (vol. 1300 c.c.) 3.1 e.c. B, Room temperature of 25 to 27°. 
Upper graph, flow in right hand (vol. 450 c.c.) 12 c.c. Lower graph, flow in left foot 
and portion of leg (vol. 1350 c.c.) 2.G c.c. Time in seconds. Bath temperature 32°. 

An exaggerated example of the effect of lowering room temperature 
on blood flow is demonstrated by the responses of a subject (H. L.) who 
reacted markedly to cold (Fig. 2-B). In the case of the right hand, the 
average resting blood flow was 4.6 c.c. per minute per 100 c.c. of limb 
when the temperature of the room varied between 21° and 24°, and 
12 c.c. at a range between 25° and 27° C. (average of six experiments 
for each range of temperature). Likewise, in the left hand, it was 3.9 
c.c. (average of four experiments) at the lower room temperature, and 
11.1 c.c. (average of five experiments) at the higher level. The differ- 
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ences in the feet were not as marked, which may have been due partly 
to the presence of a paravertebral block on both sides. In the right 
foot the flow was 2.5 c.e. (average of four experiments) at the lower, 
and 3.4 e.c. (average of five experiments) at the higher ranges, while in 
the left it was 1 c.e. (average of two experiments) and 3.6 c.e. (average 
of six experiments) at the lower and higher temperatures, respectively. 
In eveiy instance the portion of the extremity in the plethysmograph 
was exposed to water at a constant temperature of 32° C., but evidently 
the flow through it was affected by raising or lowering the temperature 
of the air surrounding the rest of the body. When the bath temperature 
was raised to 45°, however, there was no significant difference between 
the figures obtained at the high and low room temperatures. This was so 
in the ease of all the sites studied. In other words, vasomotor changes 
resulting from variations in environmental conditions are ineffective 
in the presence of the strong vasodilatation produced by the direct ap- 
plication of heat. At this point, therefore, it must be emphasized that 
many variables can modify blood flow measurements of the hand, at 
least at a bath temperature of 32° (the one frequently employed in 
plethysmographie studies) ; on the other hand, at 45° the determinations 
are less affected by extraneous factors and hence indicate more ac- 
curately the actual state of the peripheral circulation. 

5. Local Reflex Effect Elicited by Application- of Occlusion Pressure 
to Lower Extremity. — It was noticed during the preliminary work of 
obtaining measurements in the lower extremity at 32° that after the 
release of the occlusion pressure the lever quickly fell to the level of the 
previous baseline, and then dropped much below, to return slowly. This 
finding, indicating a decrease in limb volume, was generally present in 
foot records of many normal subjects (Fig. 3) and was occasionally ob- 
served in the hand as well. In order to investigate the matter, gradually 
decreasing pressures were applied to the leg until a level finally was 
reached which produced no increase in the foot-leg volume, i.e., was not 
sufficient to cause any obvious venous occlusion. However, even under 
these circumstances releasing the pressure resulted in the drop below 
the baseline (equivalent to a decrease of 0.5 to 2 c.c. of limb volume) 
and a return in from fifteen seconds to two minutes (Fig. 4). Occa- 
sionally a rise above the baseline followed the drop. The degree of ic- 
sponsc could not be correlated with either the height of the presstne oi 
the previous duration of application of this pressure. 

This phenomenon was then studied in a series of four patients m 
whom paravertebral block of the lower extremities had been produced 
previously. In each instance, upon application of the occlusion pressure 
to the anesthetized leg the same reflex was elicited (Fig. 3, 2). On the 
other hand, when the temperature of the water in the foot pletbysmo- 
grapli was raised to 45°, in these patients as well as in normal subjects, 
the momentary drop in foot volume was no longer observed (Fig. 3. .?). 
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Fig. 3. — Effect produced by the application of occlusion pressure. 1, Upper graph, 
flow in hand following application of occlusion pressure of 70 mm. Hg to wrist for nine 
seconds. No drop in baseline below previous level on release of pressure. Lower 
graph, flow in foot following application of occlusion pressure of 110 mm. Hg. 
Definite drop in baseline below previous level on release of pressure and then a 
gradual return. 2, Application of occlusion pressure of 110 mm. Hg to right leg 
(paravertebral block produced two months previously). Definite drop in baseline 
below previous level on release of pressure and then a gradual return. All readings 
obtained at bath temperature of 32°. Sj Application of occlusion pressure of 110 mm. 
Hg to leg with the bath temperature at 45°. No drop in baseline below previous level 
on release of pressure. Time in seconds. 



Fig. 4. — Effect produced by the application of different amounts of pressure to the 
leg (in which paravertebral block had been produced previously). Bath temperature, 
32°. Duration of pressure indicated by arrows. 1 , Application of 30 mm. Hg: 2, 
application of 35 mm. Hg: S, application of 40 mm. Hg; application of 45 mm. He’ 
5, application of 50 mm. Hg. 

In every instance a drop in baseline (denoting a decrease in volume of the ex- 
tremity) is noted upon release of the pressure. In record 1 a rise above the baseline 
follows the drop. 
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This response, therefore, is probably due to vasoconstriction of the blood 
vessels in the foot as a result of the elicitation of some local reflex.* 
Whether the effect is upon the arteriolar or the venous bed has not been 
determined. That it is not due to passive drainage of blood away from 
the leg is supported by the fact that the extremity is in a dependent 
position, which would oppose such a tendency. Since the reaction can 
be produced by the application of a pressure so low that no change in 
the volume of the foot is observed, it does not seem reasonable to assume 
that the provoking mechanism is stretching of the vessel Avail by an in- 
creased intravascular pressure. Comparison of this response Avith that 
resulting from a pinch of the skin, as described by Capps, 0 reveals cer- 
tain differences between the tAvo. For, AA T hereas in the latter procedure 
A r asoeonstriction is obtained immediately upon the application of the 
painful stimulus to the arm, in the former the response is observed upon 
removal of the pressure, and then generally only in the case of the foot. 
It is of interest that the volume change produced by the pressure is 
abolished by local heat. Evidently the exaggerated A r asodilatation 
resulting from the latter procedures is sufficient to overcome any vaso- 
constriction produced reflexly. These findings are further proof for 
the belief that blood Aoav determinations obtained at a bath tempera- 
ture of 45° C. are more stable and more significant than those obtained 
at other temperatures. 

6. Effect of Increase in Local Yen-ous Pressure . — In a patient, A. G., 
suffering from carcinoma of the lung and metastasis to the lymph nodes 
of the right axilla, an opportunity Avas offered to observe the local effect 
of increased venous pressure upon blood Aoav in an extremity. The en- 
larged lymph nodes Avere evidently producing pressure upon the veins 
and causing a discernible SAvelling of the skin and subcutaneous tissue 
of the right arm. The venous pressure Avas 190 mm. of Avater in this 
extremity as compared Avith 120 mm. in the left, AA'hile the arterial pres- 
sure Avas the same in both. Blood Aoav measurements in the hands Avere 
obtained on three different occasions, the order with Avhich they Avere 
recorded being changed each time. In every instance, the blood Aoav in 
the right hand Avas definitely and significantly greater than that in the 
left; the aA’-erage for the former Avas 12.9 c.c. per min. per 100 c.c. of limb 
as compared with 7.3 c.c. for the latter (Fig. 5). 

The fact that blood Aoav may be increased in an extremity in Avhich 
the venous pressure is high may possibly be explained on the folloAving 
basis : A rise of pressure Avithin the A r eins and Amnules causes them to 
become distended because of the looseness of the tissues supporting 

*Thi s finding 1 may be of more than academic interest in respect to the widely used 
method of intermittent venous occlusion 8 in the treatment of peripheral vascular 
disease of the lower extremities. That a reflex which produces vasoconstriction is 
elicited by a procedure grossly similar to that utilized in the method suggests that the 
physiologic rationale for this treatment should be subjected to further investigation. 
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them. As a result, there is stasis of blood in these vessels (since for 
equal quantities of blood flowing into the veins the velocity will be 
inversely proportional to cross-sectional area) with consequent anoxemia 
of the tissues. Possibly then, in response to stasis and tissue anoxemia, 
a state comparable to reactive hyperemia 10 is brought about, which in 
turn affects the caliber of the terminal arterioles and thus causes a 
compensatory increase in local arterial blood flow. 




Fig'. 5. — Effect of increased venous pressure upon Wood flow. Subject (A.G.) with 
carcinoma and metastasis to lymph nodes in the right axilla producing increased 
venous pressure in right upper extremity. A, Blood flow in right hand (vol. 550 c.c.) 
14.4 c.c. Venous pressure, 190 mm. water. B, Blood flow in left hand (vol. 550 c.c.) 
7.1 c.c. Venous pressure, 120 mm. water. 

7. Variations in Blood Pressure . — We were fortunate to have at our 
disposal a woman patient, aged 26, who was found to have a brachial 
blood pressure ranging between 160 and 230 mm. Hg systolic and 120 
and 130 mm. Hg diastolic in the right arm, and between 120 and 130 mm. 
Hg systolic in the left arm; the diastolic level was difficult to obtain 
in the left arm. The cause for this phenomenon could not be ascertained 
with certainty, although the possibility of a generalized hypertension 
with some obstruction to the flow in the left arm was entertained, since 
the pressure in the legs was also elevated. There was no apparent dif- 
ference in the color of the skin or the size and muscular development of 
the two arms, although the pulse was much more difficult to palpate in 
the left and thei’c was a discernible delay in its arrival. Nevertheless, 
the blood flow in the two hands was identical [i.e., within the range of 
experimental error (Fig. 6)], a finding which was anticipated in view 
of the similarity in the size and appearance of the two extremities. 
Measurements were then obtained after the application of a pressure 
of 200 mm. Hg to each arm separately for ten minutes in order to 
produce reactive hyperemia (Fig. 6). In the left hand the greatest 
how after release of pressure was 19.4 e.c. per minute per 100 c.c. of 
hand (average resting flow 4.S), whereas in the right it was 30 c.c. 
(average resting flow 5.4); i.e., the flow in the right was 50 per cent 
greater than in the left under these conditions. The results obtained 
during reactive hyperemia suggest, either a constantly existing state 
of exaggerated vasoconstriction of the blood vessels in the right hand. 
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or more probably a compensatory vasodilatation in. those of the left 
band. As a result, blood flow through each extremity per unit of time 
was the same despite marked differences in blood pressure. This case 
demonstrates to a certain degree the influence of one type of abnor- 
mality of the blood vessels upon blood flow in the extremities. 

S. Ingestion of Food . — In view of the well-known effect of the inges- 
tion of food upon cardiac output, an attempt was made to keep this 
factor as constant as possible by beginning all experiments about the 
same time after the last meal (two and one-half hours). 



Fig-. 6. — Effect of different levels of systolic blood pressure upon resting blood flow 
and flow after reactive hyperemia (subject R. B.). Blood pressure in right arm 
210 130 

— ( y, and in the left— 5-. Bath temperature, 32°. A, Blood flow In the right hand (vol. 

400 c-c.). 1, Resting blood flow, 5.4 c.c. Records 2. S, and 4 obtained at 30 seconds 
(flow, 30 c.c.), 70 seconds (flow, 22.5 c.c.), and 190 seconds (flow, 7.5 C.C.), after 
removal of a pressure of 200 mm. Hg applied to the right arm for ten minutes in order 
to produce reactive hyperemia. B, Blood flow in the left hand (vol. 350 C.C.). 1, 

Resting flow, 4.S c.c. Records 2, S, and .} obtained at 30 seconds (flow 19.4 C.C.), 
70 seconds (flow 14.5 c.c.) and 190 seconds (flow 4.S c.c.), after production of re- 
active hyperemia as in .4. Time in seconds. 


9. Sleep . — Another factor which it was found necessary to control 
was the state of consciousness of the subject. Dozing or actual sleep 
in some instances produced a decrease in blood flow, especially in the 
upper extremities (Fig. 7): this drop was even more accentuated by 
sudden awakening. Further evidence for the presence of a diminished 
flow was a concomitant drop in the level of the baseline (indicating a 
smaller limb volume) and a flattening out of the oscillations normally 
present in the records (Fig. 7). 

10. Shock . — As has been reported, 2, 11 In the presence of shock the 
blood flow to the periphery is markedly reduced. In circulatory col- 
lapse induced by sodium nitrite 11 the responsible mechanism is a pool- 
ing of blood in the venules and veins (resulting in reduced venous re- 
turn and hence diminished cardiac output) coincident with reflex 
arteriolar constriction. These factors also play a role in surgical shock. 
During the course of a study on the influence of vasodilator drugs, we 
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Fig. 7. — Effect of sleep upon blood flow in the left hand (subject A. IC). Bath 
temperature, 32°. 1, Resting; blood flow (vol. 465 c.c.) 12.4 c.c. Records 2 to 7, in- 

clusive, taken during period in which subject was asleep. 2, Blood flow, C.5 c.c ; S, 
blood flow, 5.8 c.c. ; 1, blood flow, 9.S c.c.; 5, blood flow, 6.5 c.c.; 6 , blood flow, 2.6 c.c.; 
7, blood flow, 3.2 c.c. ; S, taken after patient was awakened, blood flow, 7.9 c.c. 
Time in seconds. 


Esa 


blood flow (si 
tu re, 45*. 1 , 
tervals after 
minutes after, 


c.c. ; 4, twenty-four minutes after, 3.3 c.c. Time in seconds. 
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had the occasion to observe a subject who went into shock as a result 
of a slightly different mechanism. In this individual, H. L., two ex- 
tremities in plethysmographs were exposed to a bath temperature of 
45° C. for about one hour, and then 1 c.c. of “spasmalgin” (combination 
of atropine, pantopon, and papaverin) was injected intravenously. 
Immediately upon the completion of this procedure, the patient began 
to complain of weakness and palpitation, became pale, and the blood 
pressure fell. During this period blood flow in the lower extremity was 
definitely reduced (Fig. 8). The decreased peripheral flow in this 
instance was evidently due to a diminished venous return, resulting 
from the marked vasodilatation produced both by the heat and the 
drug. It is improbable that any effective vasoconstriction could occur 
in the extremities in the plethysmographs because of the counteracting 
local vasodilatation. Indirect evidence for this view is the fact that 
the oscillations in the blood flow records, which are coincident with the 
heart beat, were only slightly changed in amplitude during the period 
of diminished flow; for these oscillations are primarily influenced by 
alterations in caliber of blood vessels and to a much lesser degree by 
cardiac output. This experience, therefore, emphasizes the effect of 
changes in cardiac output upon peripheral circulation. As is obvious, 
this factor is as important as the state of the blood vessels in deter- 
mining the resultant rate of blood flow. 

SUMMARY 

The various physiologic factors which may modify normal resting 
blood flow determinations are discussed, and methods for obviating them 
are presented. 

The normal ranges of blood flow values for the hand, forearm, and 
foot under different states of vasomotor control are presented and their 
significance discussed. 

A local reflex is described which produces vasoconstriction of the 
blood vessels of the lower extremity on release of the occlusion pressure 
used in obtaining blood flow figures. 

The authors wish to express their appreciation to Dr. Mae Friedlander for help in 
carrying out the preliminary experiments, and to Dr. S. Silbert, who was instrumental 
in supplying them with many of the patients studied and contributed numerous help- 
ful suggestions. 
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THE USE OF MAGNESIUM SULFATE IN THE MEASUREMENT 

OF CIRCULATION TIME"! 


Mitchell Bernstein, M.D., and Samuel Simkins, M.D. 
Philadelphia, Pa. 


T HE subject of blood flow lias fascinated the medical profession since 
Harvey’s time. It is only within the last decade, however, that 
methods easily applied clinically have superseded the older, more 
cumbersome and inaccurate methods for determining- the blood ve- 
locity, or its inverse equivalent, the circulation time. By the latter 
term is meant the interval of time necessary for a particle of blood 
to transverse a given distance. 


The methods most commonly used hitherto depend upon the rapid 
injection of a foreign substance in an antecubital vein and its detec- 
tion at the point of reaction. The type, as well as the site, of reaction 
varies considerably' with the substance used, viz., the substance’s color, 1 


vasodilator effect, 3 - 30 radio activity, 4 - 5 > °- 32 effect on respiration. 


i, 


s, 9 , 10 


neuromuscular stimulation, 11 ' 14 smell, 15 ' 10 - 40 or taste. 20 - 13 - 21 ' 24 - 17 ' 23 


is this very difference in results and site of end point that has led to 


considerable confusion in the literature. 


During the course of clinical research with magnesium in cardiovascu- 
lar-renal disease we were struck with the sharp reaction patients cle- 
veloped during the intravenous injection of a 10 per cent solution of 
magnesium sulfate. Its possible use as an agent for the determination 
of the circulation time having suggested itself, we pushed its application 
in a variety of clinical conditions and finally perfected a standard tech- 
nique. After the work was well under way, a further perusal of the 
recently- indexed literature disclosed that the use of magnesium as a 
circulation-time agent had been suggested abroad by Zwillinger 33 and 
applied, with somewhat different technique from ours, by Neurath 34 
in a group of cardiac cases. 


PROCEDURE 

Five hundred seventy-nine magnesium sulfate circulation-time determinations were 
performed in 274 patients, 126 of whom were of the cardiac class. Space does not 
permit the publication of all the data in this study, but illustrative cases are de- 
tailed. Most of the subjects were ward patients ; a small group of ambulatory 
hypertensive patients was studied in the outpatient department. Three hundred 
twenty-nine tests were performed in the cardiac group and 250 in a heterogeneous 
noncardiae group. To check the efficacy of magnesium, 85 determinations of the cal- 

*From the Medical Service of the Senior Author, Jewish Hospital, Philadelphia, Pa. 

Received for publication Aug. 6, 1938. 

tRead before the Jefferson Society for Clinical Investigation, Jefferson Medical 
College, Philadelphia, Nov. 17, 1938. 


218 



BEKXSTEIX AND STMKIXS : JIAGXESIU.W, CJRCUEATIOX-TIME AGEXT 219 

cium gluconate circulation time were performed in the cardiac group and 3S in the 
noncardiac group. Fifty-seven ether circulation-time tests were done in the cardiac 
cases, and SO in the noncardiac. 


TECHXIQUE 

The patient reclines as nearly as possible flat in bed, with the arm at the level 
of the right, auricle. The patient must relax and not hold his breath as this re- 
tards the venous return to the heart. He is told that he will experience a transient 
hot sensation in the pharynx and tongue that spreads rapidly downward, and he is 
instructed to announce the onset of the sensation in the pharynx at once by crying 
“now.” The tourniquet is applied, the needle inserted, and the injection (slightly 
warm) given after the lapse of a few seconds. Six cubic centimeters* of a 10 per 
cent solution of magnesium sulfate are injected as rapidly as possible with a needle 
(preferably IS gauge) and a 10 c.c. syringe. The time is recorded with a stop 
watch from the beginning of the injection, rather than at the conclusion or midway 
during the injection, because even a minimal amount of the drug may evoke a 
strong reaction in many patients. To insure accuracy when the test is performed 
by one person unassisted it has been our practice to start the stop watch and to 
begin the injection at the moment the hand of the stop watch is crossing the five- 
second mark. The five seconds are subtracted from the circulation time that is 
finally recorded. In this way the one who performs the test has at his disposal 
both hands, thus facilitating a rapid, accurate injection. The time required for the 
completion of the injection is usually less than two seconds. In sensitive pa- 
tients even as little as 2 c.c. often gives as rapid a circulation time as 6 c.c. On 

the other hand, repeated trial has shown that G c.c. is the optimum amount 
for consistent results in markedly decompensated patients, the larger quantity' being 
necessary to build up the blood concentration for a sharp end point. 

The feeling of heat in the pharynx is extremely sudden in onset and often so 
intense that in numerous cases the patient's sudden start is indication enough that 
the end point has been reached. The “heat” follows progressively the course of 
the peripheral arterial beds, being felt next in the face, one or both hands or 

perineum, and finally in the feet. This very progressiveness of sensation suggests 

the possible use of magnesium in measuring the circulation times to the extremities. 
The sensation is transient, passing off within ten to twenty seconds. The test may 
be repeated within a few minutes with practically duplicate results. Although 
we have never observed any magnesium idiosyncrasy to date, we are always 
provided with an ampoule of a 10 per cent solution of calcium gluconate (the 
physiologic antagonist of magnesium) for immediate intravenous use should such 
a reaction occur. 

The calcium circulation time is performed in similar fashion, 2.5 c.c. of a 20 per 
cent solution of calcium gluconate being used as recommended. 21 - To obviate 
any possibility of the calcium afFecting a succeeding magnesium test, and vice versa, 
we alternated the two agents at random, one test being carried out within a short 
time after the completion of the preceding one. AVe observed no effect of one agent 
upon the other. The sensation produced by calcium is quite similar to that pro- 
duced by magnesium, though rarely as marked in intensity or suddenness of onset. 

The ether circulation time is determined by the intravenous injection of 5 minims 
of ether mixed with 5 minims of normal saline. 1 -*’- 13 A tuberculin syringe and a 
large needle are employed. The time is recorded from the moment of injection until 
the patient signals that he smells ether on his breath. Usually this is accompanied 
by a cough or grimace. At the same moment the observer can smell the ether. The 
ether test thus has the advantage of being both objective and subjective. 

•In the early stage of the work ampoules of a 10 per cent solution of magnesium 
sulfate were purchased on the market. In the latter stages we prepared a 10 per 
cent C. P. magnesium sulfate solution in distilled water, stored it in ampoule vials, 
and autoclaved it. This method provided, at practically negligible cost, a solution 
that gave perfectly satisfactory results. 
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THE SIGNIFICANCE OF THE CIRCULATION TIME 

Tlie magnesium and calcium circulation time (arm-to-tongue time) 
represents tlie time required for the blood to travel the pathway from 
the antecubital vein to the tongue. The ether circulation time (arm- 
to-lung time) represents the time required for the ether to travel from 
the antecubital vein to the arterial capillaries of the lung. The lung- 
to-tongue time is the magnesium or calcium time minus the ether 
time. Tlie arm-to-tongue time is a measure to the circulation as a 
whole. The arm-to-lung time is a rough measure of the functional 
capacity of the right ventricle (that is, its ability to maintain a nor- 
mal blood velocity through its afferent and efferent vessels). The 
lung-to-tongue time represents in similar fashion the functional ca- 
pacity of the left ventricle. 

NORMAL INDIVIDUALS 

Ninety-one men and women ranging in age from 19 to 70 years were 
tested (Table I). Excluded from the group were patients with cardio- 
vascular disease, pulmonary or bronchial disease, as well as those with 
anemia or nephritis, and pregnant women, in whom circulation-time 
studies with agents other than magnesium have demonstrated de- 
partures from “normal.” 

The average circulation time was 12.9 seconds. The extremes were 
7.0 to 17.8 seconds. One patient, perfectly normal in every way (with 
no evidence of myxedema or polycj'themia), showed a reading of 19.8 
seconds. Duplicate readings, taken on different days, rarely showed 
a variation exceeding two seconds. The circulation time is practically 
unrelated to weight, height, blood pressure, and pulse rate (within 
normal limits). 

HEART DISEASE 

Tlie cardiac class numbered 126 and was divided almost equally 
between men and women. The ages ranged from 16 to 84 years. Two 
patients were in the ninth decade of life and 15 in the eighth decade. 
Included were 59 cases of hypertensive heart disease, 46 of arterio- 
sclerotic heart disease, 6 of rheumatic heart disease, and 3 of syphilitic 
heart disease. A miscellaneous class comprised 2 cases of rheumatic 
fever (one with coarctation of the aorta), 1 of uncomplicated con- 
genital heart disease, 4 of subacute bacterial endocarditis (3 with old 
rheumatic heart disease aud 1 with congenital heart disease), 3 of thy- 
rotoxic heart disease, and 2 of potential heart disease (electrocardio- 
graphic changes only). 

There is no agreement in the literature concerning the relationship 
of the circulation time to the degree of heart failure. Some writers 
state that a direct proportionality exists between the circulation time 
and the degree of decompensation; others deny that such a relation- 
ship exists. Since no exact studies of this phase of the subject have 
hitherto been made, we grouped the cardiac patients in six classes 
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(Table II), under a classification easily adapted to clinical use, as 
follows : Compensated class, patients totally asymptomatic insofar as 
decompensation was concerned; Class A, only complaint exertional 
dyspnea ; Class B, exertional dyspnea together with cyanosis ; Class C, 
symptoms of Class A or B, or both, together with pulmonary conges- 
tion (as demonstrated by physical or roentgenologic examination) ; 
Class D, symptoms and signs of Classes A through C plus enlargement 
of the liver ; Class E, symptoms and signs of Classes A through D plus 
dependent edema or ascites. 

Although this classification may be open to criticism in certain ex- 
ceptional cases, it is surprising how readily and how accurately cardiac 
patients may be fitted into one of the above classes by means of cir- 
culation-time studies. 

Examination of Table III and Pig. 1 shows that as the degree of 
decompensation increases the circulation time increases steadily from 
the average of 13.0 seconds found in compensated cardiac patients, 
until, in Class E, it averages 30.3 seconds. The increase is sharpest in 
the transition from Class C to Class D and from Class D to Class E. 
The advent of exertional dyspnea in a cardiac patient is an important 
sign of approaching decompensation. 

Ambulatory compensated patients with hypertension (Table II — 
Case 21) (Table III) shoAved a marked decrease of circulation time. 
That this decrease is not due to an increase in the basal metabolic 
rate, so often found in hypertension, is slioAvn by the lack of correla- 
tion betAveen decreases in the circulation time and such basal meta- 
bolic rates as Avere determined. 

The presence of diabetes mellitus (Table II — Case 72) (Table III) 
seems to play no important role in the circulation time in hyperten- 
sive or arteriosclerotic heart disease. 

Three patients had syphilitic heart disease, tAvo with huge aneurysms 
(Table II — Case 97) (Table III). It is Avell to note the rapid circula- 
tion time of 17.8 seconds in a markedly decompensated patient (Table 
II— Case 226). 

MYOCARDIAL INFARCTION, AURICULAR FIBRILLATION, ANGINA PECTORIS 

AND HEART BLOCK 

The circulation time roughlj r parallels the degree of cardiac decom- 
pensation in rheumatic feA r er (Table II — Case 82) (Table III) and in 
subacute bacterial endocarditis (Table II — Case 60) (Table III). In 
congenital heart disease (Table II — Case 154) (Table III) the circu- 
lation time is often rapid. 2 The striking acceleration of the circula- 
tion time in hyperthyroidism (Table II — Case 90) (Table III) has 
been commented upon many times 13 ’ 20 > 3(5 and is Avortliy of mention 
as an important aid in the diagnosis of hyperthyroidism, especially in 
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obscure cases. It is noteworthy, also, that in patients with hyperthy- 
roidism and cardiac failure the circulation time may fall well within 
normal limits (Table II — Case 62) ; in these eases it is the algebraic 
sum of the hyperthyroid circulation time and that usually expected 
in a corresponding degree of circulatory failure in patients with no 
hyperthyroidism. 



Fi U- 1- — Magnesium sulfate and calcium gluconate circulation times in cardiac disease. (See footnote of Table II for 

explanation.) 
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Table 


Illustrative Magnesium Sulfate, Calcium Gluconate, 


case 

NO. 

NAME 

AGE 

SEX 

BLOOD 

PRES- 

SURE 

STA- 

TUS 

ON 

AD- 

MIS- 

SION 

MAGNESIUM 

CIRCULATION 
TIME (ARM-TO- 
TONGUE TIME) 
(SEC.) 

CALCIUM 

CIRCULATION 
TIME (ARM- 
TO-TONGUE 
TIME) 
(SEC.) 

ETHER 

CIRCULATION 
TIME (ARM- 
TO LUNG 
TIAIE) 

(sec.) 

MAGNESIUM 
MINUS 
ETHER TIAIE 
(LUNG-TO- 
TONGUE 
TIAIE) 
(SEC.) 

23 

J. G. 

40 

M 

1S0/100 


11/9/37 

9.S (comp.) 
11/15/37 

10.4 (comp.) 
12/17/37 

8.4 (comp.) 
12/31/37 

10.4 (comp.) 

11/9/37 

16.0 — faint 
end point 

12/17/37 

10.0 — faint 
end point 

11/9/37 

S.4 

11/9/37 

1.4 

72 

F. G. 

58 

F 

160/ 90 

A 

13.2 (A) (7) 
13.4 (A) (13) 

17.2 (7) 

S.8 (7) 

4.4 (7) 

97 

R. J. 

60 

F 

164/ 74 

A 

13.8 (A) (5) 

19.0 (5) 



226 

H. P. 

55 

M 

154/ 34 

E 

17. S (E) (62) 

27-0 (62) 

9.6 (62) 

8.2 (62) 

82 

E. G. 

22 

F 

200/110 

Comp. 

14.6 (comp.) 

(6) 

15.6 (comp.) 

(6) 


9.0 (6) 

5.6 (6) 

6.6 (6)' 

60 

S. F. 




B 

20.0 (D) (15) 
26.6 (D) (35) 

19.0 (D) (23) 

16.0 (D) (3S) 

23.0 (15) 

No end point 
on several 
occasions 


154 

R. P. 

42 

F 

140/ 78 

Comp. 





90 

S. H. 

60 

F 

192/114 

Comp. 

0.6 (2) 






46 

F 

144/ 84 

C 

20.0 (C) (6) 
16.2 (B) (10) 

26.0 (6) 

16.0 (9) 

16.0 (10) 

10.0 (6) 

10.0 (6) 

233 

M. M. 

75 

F 

mu 

D 

17.0 (D) (46) 

14.0 (46) 

5.0 (46) 

12.0 (46) 

223 

L. W. 

57 

M 

140/ SO 


24.8 (B) (6) 




131 

A. M. 

52 

M 

124/ 90 

1 

19.0 (B) (1) 

— 

— 
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jr 


and Ether Circulation- Timer in' Cardiac Disease 


CALCIUM 

MINUS 

mint timi: 

(LUNG-TO- 

tongui: 

TIME) 

(SKC.) 


ELECTROCARDIOGRAM 


] 1 /P/.'!7 Normal 
7.0 


x-ray 


REMARKS 


T2/IV37 H.M.K. piiiH U7 f ;r. 
if 8 n.M.15. plus 
Hypertensive heart disease. 
Ambulatory patient. 


S.-i (7) .Vrlorio'-cicrotTc "licar’li ' j Hypertensive heart disease with din- 

disense | j bctei niellitu*. 

— i Severe myocardial ‘Heart enlargement ! Yen. pres. (f‘! ~ 11’. 1 etn. saline sohi- 

disease* I linn; Wnssermann, -D. 

Market! left axis devi-: j.W'rn|i>y: colloid goiter; aortic sac, an- 

at ion i I eiirvsm: toxic hyperplasia. 

TfTT&T Artoriosolerot ic hiwt -Hwrt”«re;itly “ en-|Syp»tiliTie heart disease; aortic regur- 
disease i larked * > gitntinn, star, fibrillation : iWnmp., 

;.\nrta widened • repeated jmrarent., thoracic and nb- 
] j iloniitml; Wnsscrtnnnn, I > . 

— , My oi vi r< fi aTV h nngi -s ;'iha7rT~N7r n7>nnai;<‘'>arctiitioii of aorta. 

consistent with con-1 in sire. Conrota^cute rlieuinntic fever. 

, genital heart dis- j lion loginning | 

ease i <>f t rum-verse I 

\ aortic arch j __ 


■Eight deviation: eon-j j 

genital heart di*-- ! 

ease 

Congenital heart disease. 

Post-mortem examination showed pul- 
monic artery stenosis, patent foramen 
ovale, and subacute tinctorial pul- 
monary arteritis. 

Norntal 

1 

; 1 

i 

1 

t 

1 | 

Patent ductus arteriosus. 

Pulmonary infarction. 

j 

1 

) 

Slight myocardial i 

changes , 

i 1 

Masked hyperthyroidism; H.M.K. ]>las 
« » 1 C7 • Yen. pres. = ".■‘'•11; -1 cm. 
saline; pulse HI!. 

10.0 (0) 

Auricular tihrillation ; 
severe myocardial 
disease; arboriza- 
tion block 

Hoar! and lung** 
normal 

i 

Thyroid adenoma, ey.-tie degeneration. 
Thyrotoxic myocardial degeneration. 
Aur. fibrillation. Died suddenly £> days 
after operation. 

0.0 (40) 

Auricular tihrillation 

Marked cardiac 
enlargement 

Auricular fibrillation. 

Hypertensive heart disease. 


! Auricular fibrillation 
Marked myocardial 
fibrosis 


Thromboangiitis obliterans; atir. fibril- 
lation. 

Arteriosclerotic heart disease. 


Myocardial disease 


Severe angina pectoris. Died suddenly 
in anginal attack (2). 
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Table 


CASE 

NO. 

NAME 

AGE 

SEX 

BLOOD 

PRES- 

SURE 

STA- 

TUS 

ON 

AD- 

MIS- 

SION 

MAGNESIUM 

CIRCULATION 
TIME (ARM-TO- 
TONGUE TIME) 
(SEC.) 

CALCIUM 

CIRCULATION 

time (arm- 

TO-TONGUE 

TIME) 

(SEC.) 

ETHER 
CIRCULATION 
TIME (ARM- 
TO-LUNG 
TIME) 
(SEC.) 

MAGNESIUM 

MINUS 

ETHER TIME 
(LUNG-TO- 
TONGUE 
TIME) 
(SEC.) 

221 

E. N. 

17 

M 

94/ 60 

E 

30.0 (E) (35) 

34.0 (E) (73) 

33.0 (E) (127) 
28.8 (E) (217) 

40.0 (217) 

42.0 (231) 

22.0 (217) 

6.8 (217) 

65 

M. G. 

54 

F 


A 

14.3 (A) (3) 
12.2 (A) (16) 
11.8 (A) (16) 

13.4 (A) (4) 
12.6 (A) (14) 

14.8 (14) 

6.0 (10) 

6.2 (10) 

162 

G. E. 

28 

M 

114/ 74 

D 

37.0 (D) (4) 
27.6 (D) (5) 
32.8 (D) (7) 
28.2 (D) (12) 
28.2 (D) (14) 

42.0 (E) (18) 

3S.S (4) 

7.0 (4) 

30.4 (4) 


Compensated Class (Comp.) — No symptoms or signs of cardiac decompensation. 
Class A — Exertional dyspnea. 

Class B — Dyspnea and cyanosis. 

Class C — Dyspnea, cyanosis, and pulmonary congestion. 

Class D — Symptoms and signs of Classes A-C plus hepatic congestion. 

Class E — Symptoms and signs of Classes A-D plus dependent edema or ascites. 

Note Capital letters refer to cardiac status, as in above legend. Arabic numerals 
in parentheses refer to the day, after admission of the patient to the hospital, on 
which the circulation time was performed. 


A group of 24 patients with myocardial infarction (Table II — Case 
65), as outlined in Table III, showed no striking variations in circu- 
lation times from those obtained for the cardiac group as a whole. 24, 51 
The utter lack of harmony between the circulation-time value in 
auricular fibrillation and the degree of decompensation was shown 
convincingly in 11 cases — 3 of hypertensive heart disease, 3 of rheu- 
matic heart disease, 4 of arteriosclerotic heart disease, and 1 of thyro- 
toxic heart disease (Table II — Cases 231, 223). The presence of 
angina pectoris had no effect per se on the circulation time in T cases — 
4 of hypertensive heart disease and 3 of arteriosclerotic heart disease. 
Magnesium may be used with apparent impunity in these patients. 
In fact, in one patient with an extreme form of angina pectoris (Table 
II — Case 131) death occurred suddenly in a severe anginal attack; 
yet the day previously a magnesium circulation-time test was per- 
formed without any reaction whatsoever. No definite relationship 
between the degree of heart block and the circulation time was noted 
in 7 cases of heart block — 3 of first degree heart block, 2 of right 
bundle branch block, 1 of transient, almost complete, heart block fol- 
lowing an attack of insulin hypoglycemia, and 1 of postsearlatinal 
heart block (Table II— Case 221 37 ). 
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II — CONT ’I) 


CALCIUM 
MINUS 
ETHER TIME 
(LUNC-TO- 
TOXGUE 
TIME) 
(SEC.) 

ELECTROCARDIOGRAM 

X-RAY 

REMARKS 

1S.0 (217) 

Complete heart block; 
heart rate 32 ; pulse 
32 

Heart considerably 
enlarged 

Complete heart block. Postscarlatinal 
myocarditis. 

Bilateral hydrothorax, marked enlarge- 
ment of liver. Huge ascites. 

9.S (10) 

Recent anterior coro- 
nary thrombosis 


Acute infarction, day before admission. 
Hypertensive heart disease. 

31. S (4) 

Severe myocardial 
disease 

Auricular fibrillation 

Mitral stenotic 
lesion 

Heart .enlarged 

Aur. fibrillation. Post-mortem exam- 
ination showed mitral stenosis and 
aortic regurgitation. 


BRONCIIIAL AND PULMONARY DISEASES 

The difficulty of diagnosing cardiac failure -with certainty in the pres- 
ence of pulmonary emphysema oilers a baffling clinical problem. The 
cardinal symptoms — exertional dyspnea, cyanosis, cough, and often de- 
pendent edema — are present in both pulmonary emphysema and car- 
diac failure. 38, 10 In the differentiation of the two conditions, even 
electrocardiograms and orthodiagrams may be misleading. The circu- 
lation time may be of considerable value here. If rapid, it indicates 
that the heart is well compensated and is playing no role in the pro- 
duction of the symptoms; if of average duration or of high normal 
value, it does not necessarily exclude the possibility that heart failure 
is either primarily responsible for the symptoms or shares the respon- 
sibility with the pulmonary emphysema. In our series there were 5 
cases of both pulmonary emphysema and arteriosclerotic heart disease 
(1 patient had bronchiectasis, as well), in which the circulation time 
matched the cardiac condition rather than the pulmonary. In two 
additional cases of heart disease and bronchial asthma, cardiac decom- 
pensation was excluded by the rapid circulation times obtained. 

The accelerated circulation times obtained in 7 cases of bronchial 
asthma are in accord with other reports. 20 In the differentiation of 
bronchial asthma and so-called cardiac asthma the remarks in the 
preceding paragraph apply with equal force. No striking aberrations 
were obtained in pneumonia (6 lobar and 8 bronchopneumonia) or 
active pulmonary tuberculosis. 33 
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Table 

Detailed Analysis of 


Circulation Times 






COMPENSATED CLASS | 


CLASS A 




TOTAL 


MAGNESIUM | 

CALCIUM 


CALCIUM 













DIAGNOSIS 

NO. OF 

PA- 

TIENTS 

NO. OF 

TESTS 

02 

Eh 

U1 

w 

Eh 

d 

. H 

y< w 

ft m 

02 

EH 

m 

W 

Eh 

o 

M S 

ft in 

02 

EH 

m 

K 

EH 

o 
. m 

M w 
w ^ 

ft 02 

02 

Eh 

in 

w 

Eh 

D 

• E 

M w 

K ^ 

ft a 


MAG. 

CALC. 

&« 

O 

6 

£ 

£ K 
< £ 

> § 

< ^ 

O 

o 

r. 

£ w 

> « 

C-i 

O 

o 

v. 

a 
< S 

il 

O 

o 

V. 

£ E 

< S 
> § 

Uncomplicated hyperten- 
sion cases 












A — Ward 

19 

39 

5 

s 

14.4 
( 9.4- 
17.0) 


(19^ 

9 

Si 

2 

n 

B — Outpatient 

IS 

61 

1 fail. 

IS 

1 fail. 

32 - 

11.5 
( 8.2- 
15.0) 

9 

12.1 
( 9.2- 
16.0) 

26 

| 

S 

15.2 

(12.0- 

19.6) 

Hypertension with dia- 
betes mellitus 

10 

■ 

S 

15 

14.5 

(11.4- 

17.0) 

4 

15.3 
(13.0- 
19. S) 

2 

13.3 

(13.2- 

13.4) 

■ 

(17.2) 

Arteriosclerotic heart dis- 
ease 

34 

69 

■ 

22 

13.7 

(11.2- 

16.2) 

5 

16.1 

(12.0- 

20.0) 


m 

1 

(19.S) 

Myocardial infarction 





14.2 

(13.0- 

16.0) 


Him 

10 

13.5 

(12.0- 

16.S) 


14.9 

(13.0- 

16.0) 

A — Hypertension 

9 

22 

7 

5 


B 

4 

B — Hypertension and 

3 

4 

0 

— 

— 

— 


— 

— 

— 

— 

diabetes mellitus 












C — Arteriosclerotic 
heart disease 

12 

30 

22 

s 

12.5 

(10.S- 

15.0) 

3 

1 fail. 

15.1 

(12.4- 

17.0) 

4 

15.6 

(14.4- 

1S.0) 

3 

16.3 

(15.0- 

1S.0) 

Total (myocardial infarc- 
tion) 

24 

56 

29 

1 fail. 

13 

13.1 

(10.S- 

16.0) 

3 

1 fail. 

15.1 

(12.4- 

17.0) 

14 

14.1 

(12.0- 

1S.0) 

V 

15.5 

(13.0- 

1S.0) 

Rheumatic heart disease 

6 

46 

10 

1 

(10.0) 







Rheumatic fever (coarcta- 
tion of aorta) 

2 

3 

0 

1 

(12.0) 



2 

15.1 

(14.6- 

15.6) 



Syphilitic heart disease 

3 

3 

2 

l fail. 

1 

(16.6) 

1 fail. 


i 

(13-8) 

1 


Congenital heart disease 
and subacute bacterial 
endocarditis 

5 

12 

2 

4 

11.1 
( 9.4- 
15.0) 



4 

11.7 
( 9.0- 
13.0) 

1 

(16.0) 

Thyrotoxic heart disease 

3 

5 

n 

O 

3 

9.9 
( 6.6- 
12.2) 






■ 

Potential heart disease 
(EKG. changes) 

2 

3 

— 

3 

12.0 

(12.0) 

— 

— 




■ 

Summary 

126 

329 

1 fail 

85 

3 fail. 


13.0 
( 6.6- 
17.0) 

22 

3 fail. 

14.3 
( 9.2- 
19. S) 


i§ 

21 



*See footnote of Table II for explanation. 
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III 


Magnesium and Calcium 
in Cardiac Group* 














































































230 


THE AMERICAN HEART JOURNAL 


MISCELLANEOUS CLINICAL CONDITIONS 

Normal readings were obtained in small groups of cases of cholelithia- 
sis, nephroptosis, uncomplicated diabetes mellitus, and pernicious ane- 
mia in the stage of remission. One patient with marked secondary anemia 
showed rapid circulation times. 39 Six patients with chronic glomerulo- 
nephritis, 3 uncomplicated and 3 with myocardial disease, showed 
nothing striking in circnlation-time studies. No toxic effects were 
observed. 40 

In 5 patients with enlargement of the liver due to portal cirrhosis, 
arsplienamine hepatitis, or secondary carcinoma, the circulation times 
were normal. Jaundice is no deterrent to the use of the test; when 
it is present the circulation time may be of great value in differentiat- 
ing enlargement of the liver due to cardiac from that due to extra- 
cardiac disease. 

PREGNANCY 

In 21 cases of pregnancy, nearly all of which were studied just prior 
to active labor, there was a marked increase in blood velocity, which is 
a clear indication of the burden pregnancy places upon the circula- 
tion. It is surprising to find that work done with other circulation- 
time agents indicated a slight but progressive retardation of blood 
flow in pregnancy. 22 

COMPARISON OP MAGNESIUM AND CALCIUM AS CIRCULATION- 
TIME AGENTS 

A glance at Table II shows numerous discrepancies between the 
magnesium and calcium arm-to-tongue circulation times in the same 
individual. Table III and Fig. 1 sum up the differences. Almost in- 
variably the calcium time was longer. The reaction with magnesium 
is extremely sharp, so sharp in many cases as to afford an objective, 
as well as subjective, reaction. In the normal group the differences 
are not so marked except in a few cases (the calcium time ranging 
from eight-tenths to eight seconds longer than the corresponding mag- 
nesium time). In the cardiac groups the differences Avere more pro- 
nounced, being accentuated, in a general Avay, as the degree of decom- 
pensation increased. The discrepancies often ran as high as tAvelve 
to fifteen seconds. Therefore, especially in classes A and B, in AAdiich 
the diagnosis of cardiac decompensation is so often difficult to make 
clinically, the abnormally long calcium lung-to-tongue times may lead 
to erroneous diagnoses of left-sided heart failure. 

The empirical fear of most clinicians of intravenous calcium therapy 
has recently been amply substantiated, both in reports on human 
beings 41 - 54 and in animal experiments . 42 ' 40 Electrocardiographic studies 
of the normal human heart sIioav in a large percentage of subjects 
marked changes in the T- and P-AvaA T es, as Avell as occasional cardiac 
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arrest. 35 Similar studies, following- calcium intravenously, in cases of 
heart disease are not available. There can be very little question of 
the toxic effects from the combined use of calcium and digitalis. 
Changes in the heart rate after therapeutic doses of calcium, ventricu- 
lar fibrillation after toxic doses, and even sudden fatalities in patients 
who received calcium intravenously after previous administrations of 
digitalis have been reported. 47 

“Stud 3 r indicates the hazard existing in the use of calcium gluco- 
nate intravenously following digitalis. . . . The conclusion is reached 
that great caution is to be used in giving calcium intravenously with 
or shortly after digitalis. It is apparently not safe to use this com- 
bination in patients who have received small doses of digitalis.” 42 

All observers are in accord that calcium must be injected sloxvly to 
minimize its toxic effects. 35, 4S And .vet, when used as a circulation- 
time agent, calcium must be injected as rapidly as possible. In the 
present series, an intravenous injection of calcium hastened the death 
within a few hours of a patient who had been digitalized and was in 
fairly good condition prior to the injection. A few .years ago the 
junior author had a similar experience with a digitalized hypertensive 
patient who was given an intravenous calcium injection after a 
cholecystectomy and died suddenly during the course of the injection 
(ease unreported). 

On the other hand, the intravenous injection of magnesium has no 
deleterious action on the heart. A study of 100 patients, of whom 
many were seriously ill cardiac patients, with electrocardiographic 
tracings taken concurrently with the magnesium injections, revealed 
no evidence of myocardial damage. 0 In many of these patients, 10 
to 20 c.c. of a 10 per cent solution of magnesium sulfate were injected 
rapidly with no ill effects. Practically all patients with decompensa- 
tion received digitalis hotli orally and parenterally, many up to the 
point of complete digitalization, with no toxic effects. 

A surprising feature in our experience was the occurrence of 7 
failures and 1 partial failure (the patient feeling the heat sensation 
in the back only, 40 seconds after the beginning of the injection) in 
123 calcium injections. It is curious that no mention of such failures 
has been made by other authors. In the magnesium group (579 tests) 
there was 1 failure (a young patient with hypertension who reacted 
normally in subsequent tests). 


CRITERIA 

Magnesium sulfate fulfills well the criteria proposed for the ideal 
circulation-time agent. It is nontoxic in the dose employed. It does 
not influence blood velocity until the end reaction lias occurred — this 
despite the fact that in many patients with hypertension and in some 


*Detailed report to be published subsequently. 
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without hypertension a sharp fall of both diastolic and systolic pres- 
sure occurs immediately after an injection. That this change in blood 
pressure is compensated for by the circulatory mechanism is attested 
by the fact that circulation times, repeated within two or three min- 
utes, show almost duplicate values. Accidental paravenous infiltration 
produces no pain, venous thrombosis, or slough. The magnesium is 
eliminated rapidly through the kidneys. The end reaction is readily 
discernible in normal and pathologic conditions and is so sharp that 
the test in many patients becomes practically objective as well as 
subjective. And lastly, the • cost of the reagent (chemically pure 
magnesium sulfate) is practically negligible; it is possible to prepare 
large autoclaved quantities in ampoule vials so cheaply that the gen- 
eral practitioner has at his command, for bedside or office use, a valu- 
able, easily applied addition to his diagnostic armamentarium. 


Table IV 


Ether Circulation Time* 

(Fifty-Six Noneardiac Patients; Forty Cardiac Patients) 



ETHER 

TIME 

(ARM-TO- 

LUNG 

TIME) 

(SEC.) 

MAG- 

NESIUM 

MINUS 

ETHER 

(LUNG-TO- 

TONGUE 

TIME) 

(SEC.) 

CALCIUM 


ETHER 

TIME 

(ARM-TO- 

LUNG 

TIME) 

(SEC.) 

MAG- 

NESIUM 

MINUS 

ETHER 

(LUNG-TO- 

TONGUE 

TIME) 

(SEC.) 

CALCIUM 


MINUS 


MINUS 

NO. OP 

TESTS 

ETHER 

(LUNG-TO- 

TONGUE 

TIME) 

(SEC.) 

NO. OF 

TESTS 

ETHER 

(LUNG-TO- 

TONGUE 

TIME) 

(SEC.) 

Noneardiac Class 

Compensated Cardiac Class 

SO 

5.7 

(2. 6-9.0) 

1 test = 
10.0 

5.1 

(2.2-10.8) 

7.6 

(3.4-12.2) 

14 

1 

ifcsasj&ii 

5.S 

(2.4-9.2) 

A> 

Class A 

Classes B to E 

14 

6.7 

(5.2-9. 6) 

6.3 

(2.4-11.0) 

A 

28 

(1 fail.) 

(5.0-22.0) 

(2.6-30.4) 

(11.8-31.8) 


-See footnote of Table II for explanation. 


THE ETHER CIRCULATION TIME AND LUNG-TO-TONGUE TIME 

The ether times in the noncardiac group and in the compensated and 
Class A groups of the cardiac series were approximately equal (Table 
IV). In the other cardiac groups the ether time was either normal 
or greatly prolonged, depending on whether the functional integrity 
of the right heart was intact or impaired. In one ease (Table II — Case 
60) of congenital heart disease with a superimposed subacute bacterial 
pulmonary arteritis, repeated trials failed to produce an ether end 
point. The magnesium lung-to-tongue time was appreciably shorter 
than the calcium lung-to-tongue time on account of the correspond- 
ingly smaller values for the magnesium arm-to-tongue time. 
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DISCUSSION 

The circulation time is of greatest clinical interest in cardiac de- 
compensation, the condition par excellence in which a slowing of the 
blood velocity occurs. As has been shown, it is the status of the cir- 
culation, irrespective of the etiological factors or mechanical status 
of the heart, that determines the blood velocity. The presence of 
heart disease per se, irrespective of etiology, does not influence the 
blood velocity. Likewise, the presence of such mechanical factors as 
auricular fibrillation or mitral stenosis plays no important role. It is 
only when decompensation occurs that the circulation time changes. 
A detailed analysis of our results shows clearly that the circulation 
time is not the infallible diagnostic tool it was originally believed to 
be. A rapid circulation time (excluding the presence of uncomplicated 
hyperthyroidism, marked anemia, or high fever) excludes cardiac de- 
compensation. However, much more common than has been believed 
is the occurrence of normal circulation times in markedly decompen- 
sated patients. In general, as the degree of decompensation increases, 
the circulation time increases, but not in strict proportionality, so that 
the absolute value of the individual test does not necessarily reflect 
the clinical status in any case. More important than the absolute 
value of the circulation time in any individual is the change in cir- 
culation time from time to time in that individual. This is well illus- 
trated by Table II — Case 162; the patient's rapid change for the worse, 
at the end, was heralded by a corresponding increase in the circulation 
time. In this respect, as a teleologie agent, the test is of great value. 

The test may also be of importance in separating edema and ascites 
of cardiac origin from that of extracardiac origin. Of similar import 
is its use in noncardiac hepatomegalies. 

The results obtained demonstrate conclusively that magnesium is 
preferable to calcium as an agent in the determination of the circu- 
lation time. This holds true because of its sharpness of reaction and 
shorter reaction time, lack of deleterious action on the heart, and 
dependability. 

CONCLUSIONS 

1. The use of a 10 per cent solution of magnesium sulfate as an agent 
for the determination of the circulation time is described. Five hun- 
dred seventy-nine magnesium sulfate tests were performed in 274 pa- 
tients, of whom 126 were cardiac and 146 noncardiac patients. As a 
check, 123 calcium gluconate circulation-time tests, as well as 137 ether 
tests, were performed. 

2. The technique of the test is presented in detail. 

3. In 91 “normal" subjects, representing a wide diversity of non- 
cardiac conditions, the average circulation time was 12.9 seconds. The 
extremes were 7.0 and 17.8 seconds. 
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4. In tlie cardiac group, the ages ranged from 16 to 84 years; 2 
patients were in tlie ninth decade of life and 15 in the eighth decade. 

5. The cardiac group included 59 cases of hypertensive heart dis- 
ease, 46 of arteriosclerotic heart disease, 6 of rheumatic heart disease, 
and 3 of syphilitic heart disease. A miscellaneous group comprised 
2 eases of rheumatic fever (one with coarctation of the aorta), 1 of 
uncomplicated congenital heart disease, 4 of subacute bacterial endo- 
carditis (3 with old rheumatic heart disease and 1 with congenital 
heart disease), 3 of thyrotoxic heart disease, and 2 of potential heart 
disease. 

6. The cardiac group ivas divided into six classes, varying in the 
degree of compensation, under a classification easily adapted to 
clinical use. A detailed correlation of the circulation tests with this 
grouping establishes the fact that, as a whole, the circulation time 
increases steadily as the degree of decompensation increases, but that 
there is no strict proportionality between the circulation time and the 
degree of decompensation. 

7. Ambulatory compensated patients with hypertension have a rapid 
blood velocity. 

8. Diabetes mellitus per se has no effect on the circulation time. 

9. The blood velocity is determined to a great extent by the status 
of the circulation, irrespective of the etiological factors involved, such 
as hypertensive, arteriosclerotic, rheumatic, or syphilitic heart disease, 
or the presence of mechanical factors, such as auricular fibrillation. 

10. The presence of a high normal circulation time is common in ad- 
vanced degrees of cardiac decompensation. Consequently, the circulation 
time is of limited value in the diagnosis of cardiac decompensation. 

11. The change in blood velocity from time to time in the same pa- 
tient is of much more importance than the absolute value of the circu- 
lation time, and may be of great teleologic importance. 

12. Magnesium sulfate is totally innocuous in angina pectoris, heart 
block, myocardial infarction and nephritis. 

13. It may be of help, within certain limits, in differentiating pul- 
monary emphysema and myocardial failure, as Avell as bronchial 
asthma and cardiac asthma. It may be of value also in separating 
hepatomegaly of cardiac origin from that of extracardiac origin. The 
test may be used safely in the presence of jaundice. 

14. The circulation time is rapid in hyperthyroidism, pneumonia, 
marked anemia, and pregnancy. It is normal in active pulmonary 
tuberculosis and normal or somewhat rapid in bronchial asthma. 

15. Conclusive evidence is given of the marked superiority of mag- 
nesium over calcium as a circulation-time agent. 

16. The intravenous injection of magnesium has no deleterious effect 
on the heart, as shown by electrocardiographic tracings made on 100 
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patients during the injection. The magnesium circulation test is harm- 
less in digitalized patients. 

17. The ether time in normal subjects and in cardiac patients with 
incipient decompensation is normal, averaging 5.7 seconds, with ex- 
tremes from 2.6 to 10 seconds. The ether time is increased in right- 
sided heart failure, and the lung-to-tongue time (magnesium circula- 
tion time minus ether time) is increased in left-sided heart failure. 

18. The magnesium sulfate circulation test is well adapted for bed- 
side and office use, thus affording a valuable diagnostic aid for the 
general practitioner. 

The authors wish to thank Doctors J. G. Doane, E. A. Heller, C. J. Stamm, and 
P. Williams for the opportunity of studjdng a few of their patients. 
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GLOMUS TUMOR 

Report op a Case 

Samuel Blinder, M.D. 

New York, N. Y. 

A LTHOUGH Masson 1 first presented a histopathologic conception of 
>• glomus tumors as early as 1924, and although numerous authentic 
eases have, since then, been reported in the foreign literature, 2 it was 
not until 1934 that the first case report appeared in the American 
literature. 3 Lesions clinically identical with glomus tumor have been 
described under various headings, such as hemangioma, subungual 
tumors, and exostoses, etc., since 1812. 4 Up to the time our patient 
was first seen (August, 1936), there were about seventy cases on 
record. 5 ' 15 With advancement in knowledge of the subject, the diag- 
nosis has become much more obvious, and there has naturally been 
a relative increase in the number of eases reported. We wish to add 
ours to this group, particularly as we had the opportunity to observe 
the patient over a period of eighteen months after operation. 

Because of the scarcity of reports of this tumor, it seemed desirable 
to present a brief general description of the histologic structure of 
the glomus itself before reporting the present case. A glomus is a 
specialized arteriovenous anastomosis. 10 It may appear almost any- 
where over the cutaneous surfaces of the body and in the subungual 
regions, but is by far most frequently encountered in the extremities. 
Depending on the location, a glomus may vary in width from 60 to 
220 microns. The glomus undergoes considerable alteration with age. 
It is formed imperfectly at birth, reaches maximum development in 
young adult life, and atrophies in old age. It is distributed widely 
among other mammals in much the same regions as in man. A sig- 
nificant fact is that the glomus has not been described in cold-blooded 
animals, yet it is very prominent in birds whose body temperature is 
above that of mammals. 

The cutaneous glomus occupies a specific zone of the cutis — the 
stratum reticulare. Briefly, it consists of the following: an afferent 
artery, carrying blood from the interior of the body; a canal called 
the Suquet-Hover canal, connecting the artery with the vein; pre- 
glomic arterioles nourishing all the constituents of the glomus ; a clear 
periglomie zone or expansion zone furnished with a neuroreticular 
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mechanism which controls the function of the Suquet-Hoyer canal; 
a specially arranged system of collecting veins; and an outer lamel- 
lated collagenous zone surrounding the entire glomus. Collecting 
venules are provided with septa or valves, and each channel commu- 
nicates with that of the main collecting vein (Fig. 1). The cutaneous 
glomus is so named because of its similarity to the glomus coccygeum 
and its homologates. 



Eiff. 1 . — Cross section showing tiie septa or valves in the venules. Hematoxylin and 

eosin stain (X200). 


CASE REPORT 

History. — Mr. It., an executive, aged thirty-eight years, had noticed a purple- 
bluish spot under the lower inner corner of the nail of the left index linger for 
fifteen to twenty years previous to his examination on Aug. 14, 1930. During this 
time he had suffered paroxysms of shooting pain in the tip of the finger, radiating 
to the forearm and arm and occasionally reaching the shoulder. The pain was 
markedly aggravated by cold weather and relieved by warm weather or by immersion 
of the finger in hot water. The slightest pressure exerted over the purple-bluish 
spot evoked excruciating pain. In recent years the condition had become much more 
painful. There had been no increase in size of the tumor area with passage of time 
under normal conditions, nor did it enlarge during the paroxysmal attacks. All sorts 
of therapy, including superficial curcttement, had been employed without improve- 
ment. There was no history of trauma. The patient was a total abstainer from 
tobacco and drank only occasionally. The past history was otherwise entirely 
negative. 

Examination showed a purple-bluish discoloration about one-fourth of an inch in 
its longitudinal diameter, located under the lower inner corner of the nail of the left 
index finger. There were no thermal changes and a detailed study of the nail fold 
capillaries did not reveal any abnormalities. A roentgenogram of the finger failed to 
Jiow an area of depression in the bone or other evidence of pathologic change 
Pressure over the tumor area or immersion of the finger in ice-cold water produced 
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Fig. 2. — Cross section through entire tumor mass showing the sinusoidal canals. 
Tlie artery can be seen in the tumor, while the collecting vein is seen at its edge. 
A, artery ; ii, sinusoidal canal ; C, collecting vein. Hematoxylin and eosin stains 
(X1G0). 

. Fig. 3.— Nerve fibers running between masses of tumor cells. A blood vessel lined 
with swollen endothelial cells is seen at the lower part of the section. "Weigert’s 
stain (X1600). 
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Course . — The patient was operated on by Dr. Louis It. Davidson at the New 
York Post Graduate Hospital Oct. 7, 193G. Under block anesthesia with 2 per 
cent novocain, the ulnar aspect of the nail bed and the matrix were removed with 
the glomus tumor and two interrupted sutures were employed distally and proximally 
for hemostasis. Black silk suture material was used for the skin. Local pain was 
present for several days after operation, and healing was complete in one week. 

Pathology . — This study was carried out and reported as follows by Dr. Louise H. 
Meeker. Gross examination indicated the specimen measured 28 by IS by S mm. 
One surface was covered by a portion of nail, about which there were a few 
millimeters of skin. The nail bed was included, and beneath the bluish area seen 
in the nail there was a small bluish circumscribed area a few millimeters in diameter, 
somewhat different in appearance from the surrounding fibrous tissue. On micro- 
scopic examination stained sections showed a central area formed of ramifying 
sinusoidal canals (as in cavernous hemangiomata), separated by bands of epithelioid 
cells which were supported by strands of collagen fibers (Pig. 2). Between the 
epithelioid cells were strands of nonmedullated nerve fibers which were easily 
demonstrated by special nerve tissue stains, such as Weigert’s (Pig. 3). The ep- 
ithelioid cells were much more numerous than the other tissues. They formed wide 
mantels over the septa between the vascular chnnnels. The epithelioid character 
of the cells was emphasized by the formation of cell bridges. Surrounding this 
central area was a layer of connective tissue, forming a pseudocapsule in which 
arterioles and small veins were scattered. 

COMMENT 

Glomus tumors are benign arterial neuromyomatous lesions of the 
glomus, a structure normally present in man and warm-blooded mam- 
mals. The history of the existence of a purple-bluish or reddish area 
of discoloration, commonly located under the nail bed but sometimes 
found elsewhere, which has been present for a long time and is asso- 
ciated with characteristic paroxysms of local pain, makes the clinical 
diagnosis readily apparent. 


SUMMARY 

The case of a patient with a glomus tumor is presented. Examina- 
tion eighteen months subsecpient to complete surgical removal shows 
apparently permanent recovery. This result confirms those obtained 
in all cases previously reported. Once the diagnosis has been estab- 
lished, immediate surgical removal is advised. 

I wish to express my appreciation to Dr. A. Wilbur Duryee and Dr. Irving S. 
Wright who aided in the diagnosis and study of this case. 
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PULMONARY CONUS STENOSIS WITH CLOSED FETAL 

PASSAGES* 

Report op a Case 

F. Benjamin Carr, M.D., and Hans Levi, M.D. 

Worcester, Mass. 

T HE following report describes a third ease of pulmonary conus 
stenosis with closed fetal passages. The first two were reported 
by Eakin and Abbott 1 and by Abbott. 2 

While the principal structure of the heart to be described is prac- 
tically the same as in at least one of the cases mentioned, secondary 
changes and the remarkable duration of life (65 years) seem to war- 
rant this report. 

REPORT OP CASE 

A Go-year-old, white, married woman came to the Worcester City Hospital, .Tan. 3”, 
19117, complaining of pain in the chest and shortness of breath. She had been in 
bed practically ever since her previous admission nine weeks before. It was found 
that she had had several hospital admissions which may bo summarized as follows: 

Feb. 20, in.!.'!, she was admitted with the diagnosis of grippe. She had felt poorly 
for a month, with easy fatigability, weakness, palpitation, and cough. These 
symptoms culminated in her admission to the hospital. 

Her past history showed that she had had rheumatic fever at the age of 17 years, 
since which time she had been known to have “heart disease.” She had pneumonia 
at the age of years. There had been no other illness of note. 

The family history was not contributory. She had been married forty-three years 
and her husband was living and well at the time of her admission. She lmd one 
daughter who was in good health at the age of -12 years. 

Physical examination was reported as showing a well-developed and nourished 
white woman. The positive findings were coarse, moist rales at the bases of both 
lungs, especially the right, with moderate dullness and diminished breath sounds 
over these areas. The heart was not thought to be enlarged. The sounds were of 
good quality. The rhythm was normal. There was a loud blowing systolic murmur 
in the mitral area which was transmitted to the left axilla and heard with less in- 
tensity at the aortic and pulmonary areas. The blood pressure was 1(50/00. The 
diagnosis at this time was rheumatic heart disease with mitral regurgitation and 
mild congestive heart failure. 

At this admission she was found to have strongly positive blood Hinton and 
Ivahn reactions. Roentgenologic examination showed a very large heart with the 
apex reaching the left axilla; atheroma was demonstrated in the widened aorta. 

There were several subsequent admissions, the only new development being an 
aortic diastolic murmur. Of chief interest arc the various diagnoses made bv the 
different examiners. These were chiefly as follows: arteriosclerotic heart disease 
with congestive heart failure; syphilis; aneurysm of flic aorta; aortic stenosis. At 
one time one of us left the following note: “probably a calcareous aortic stenosis 
(with rough basal systolic murmur and thrill).” Some months later our opinion 

•From the departments of Cardiology and Pathology, City Hospital Worcester 
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seems to liave changed, for we suggest the possibility of congenital heart disease 
with a patent interventricular septum and an associated syphilitic aortic regurgita- 
tion. 

Suffice it to say that her final admission occurred on Jan. 13, 1937. During this 
visit her congestive failure increased regardless of the usual cardiac therapy, and 
she died Feb. 26, 1937. 

Necropsy . — Owing to limitations in the autopsy permission, only a part of the 
heart was retained, and examination of other organs consisted of inspection only. 

The body was that of a well-developed, obese, elderly, white woman, 61.5 inches 
(153.S cm.) tall, and weighing 141 pounds (64.1 kg.). The hair was gray. The 
teeth were in poor condition. There were old striae over the lower abdomen and the 
upper parts of both thighs. There was marked edema extending from the feet and 
ankles upward to, and including, the abdominal wall. There was no clubbing of the 
fingers or toes. 

The pericardial cavity was completely obliterated by rather firm, extensive ad- 
hesions necessitating the removal of the heart and the pericardium in toto by sharp 
dissection from the surrounding structures. 

The heart weighed 530 gm. (from the gross weight of 580 gm., a deduction of 50 
gm. was made for adherent pericardium and extrapericardial fat). The coronary 
arteries showed slight to moderate infiltration with yellow intimal plaques. The 
walls of all chambers were of good brown-red color, except for a few irregular 
patches of shiny gray in the lining of both ventricles. The consistency of the myo- 
cardium was good. The left ventricle was markedly hypertrophied; its wall 
measured 2.6 cm. in thickness, while the right ventricle was only slightly hyper- 
trophied, with a wall measuring 0.6 cm. in thickness. The tricuspid valve measured 
11 cm. in circumference, the pulmonic 8.5 cm., and the mitral 9.5 cm. All of them 
were thin and smooth. The leaflets of the pulmonic valve carried thin, long fringes 
on their corpora arantii. The leaflets of the aortic valve were thickened and con- 
tained indurated, partly calcified nodules, but showed no fresh vegetations. They 
were partly fused with each other, resulting in a decrease of the circumference of 
the aortic valve to 4 cm. (calcareous aortic stenosis). 

The left auricle showed nothing remarkable. The left ventricle, besides the mus- 
cular hypertrophy, showed an aneurysm-like pouch extending from the aortic ves- 
tibule towards the anterior leaflet of the tricuspid valve (Fig. 1). The entrance to 
this pouch was oval, measured 0.8 by 0.6 cm., and was located 1.1 cm. below the free 
edge of the aortic valve. The body of this pouch was slightly wider than its en- 
trance and was lined by several thin, fibrous ridges. Its floor was located 0.5 cm. 
from the entrance, was found to be flush with the corresponding part of the tricuspid 
valve, and was smooth and extremely thin. On the right side of the heart, the pouch 
was located about 0.4 cm. above the attachment of the tricuspid valve, in the auricle. 
The right auricle was markedly dilated. The foramen ovale was closed. 

The right ventricle was subdivided into two separate chambers. One of these 
chambers was located near the apex of the heart, without quite reaching it, and 
comprised what may be called the body of the right ventricle. The second chamber 
was located to the left of, and above, the first. It gradually tapered down from 
the size of the ventricular body to that of the pulmonary artery. However, a con- 
tinuation of this second chamber consisted of a pyramidal, muscular structure on the 
anterior aspect of the heart, extending its lumen 4 cm. towards the right auricular 
appendage and touching it without communication. 

The two chambers were separated by a transverse, fibromuscular septum located 
about 3 cm. below the attachment of the pulmonic valve (Fig. 2). The periphery 
of the septum consisted of thick muscles continuous with those of the ventricular 
wall. Its center was formed by a fibrous plate measuring about 1.5 cm. in diameter 
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and continuous with one leaflet of the tricuspid valve, with a perforation in the mid- 
dle. The perforation was an oval, almost slitlike opening which admitted the tip of 
the little finger and measured 3 cm. in circumference (diameters: 1.3 and O.S cm.). 
Its free edges wero thin and heset with thin fringes similar to those found at the 
pulmonary cusps; some were as long as 0.4 cm. The wall of the ventricular body 
(first chamber) showed thick trabeculae carncae and a normal moderator band. 
Apparently there was thickening, in patches, of the endocardium throughout this 
chamber. ’ The upper chamber showed a smooth, grayisli-brown lining uninterrupted 
by muscular ridges in its main part, but showing a few muscular elevations in 
its continuation described. 



1 - — Looking down on aortic valve showing deformity of aortic leaflets and scaled 
interventricular defect and aneurysm. 

Ihe aorta showed little, if any, dextroposition. The thoracic portion had a cir- 
cumference of 9 cm. in the ascending part, of 7 cm. in the arch, and of G cm. in the 
descending part. It showed marked infiltration with yellow intimal plaques and 
some calcification. Several areas showed patchy separation of calcified portions. 
Vestiges of the ductus arteriosus were not found, nor any anomaly of the branches of 
aorta or pulmonary artery. 

Anatomic diagnosis was as follows: Pulmonary conus stenosis with closed fetal 
passages, congenital; calcareous aortic stenosis; acute adhesive pericarditis; aneurysm 
of membranous portions of interventricular septum; arteriosclerosis of aorta marked 
of coronary arteries, slight; peripheral edema. ’ ’ 
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Fig. 2. — View from apex of right ventricle showing stenosis of the pulmonary conus 

from below. 

DISCUSSION 

From tlie standpoint of purely descriptive anatomy, tliis is an ex- 
ample of constriction of the right ventricle by an incomplete transverse 
fibromuscular septum. As it obstructed the blood stream directed 
toward the pulmonary valve, it may be called a subpulmonary stenosis, 
in analogy to subaortic stenosis, both conditions being of no apparent 
vital importance unless they are extremely marked or complicated by 
other cardiac lesions. 

Consideration of the homology of this abnormal structure leads one 
to a normally insignificant feature of the right ventricle, the crista 
supraventricularis. This is a ridge which marks off the conus arteriosus 
on the inner wall of the right ventricle. Ontogenetically, it corre- 
sponds to a constriction which, in the fourth and fifth weeks of em- 
bryonal life, separates the bulbus cordis from the common ventricle. 

In our specimen, which is similar to the two referred to above, the 
upper chamber corresponds to the conus arteriosus hi size, location, 
and the smooth appearance of its lining, whereas the lower chamber 
is characterized, as is the body of the ventricle, by its muscular relief. 
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It therefore seems to be obvious that the perforated intraventricular 
septum represents an arrest of the normal regression of an early 
embryonal structure to its vestige, the crista supraventrieularis. This 
arrest results in what Eakins and Abbott call, very appropriately, 
pulmonary conus stenosis. As in their cases, so in ours, the formation 
of the interventricular septum had been completed, in contrast to the 
defect of the interventricular wall usually found in pulmonary conus 
stenosis. As a result of the complete closure of the entire caidiac 
system of fetal passages, all blood has to pass through the stenotic 
lower orifice of the conus. However, the relatively moderate size of 
this opening in our case seems to be the reason for the slight pulmo- 
nary congestion and the failure of the systemic circulation. It also 
explains why this patient lived a fairly normal life until her seventh 
decade, when the secondary diseases of the left side of the heart and 
the adhesive pericarditis made the condition incompatible with life. 

Another similarity to the formation of the heart in Eakins and 
Abbott's ease number one lies in the presence of a cardiac aneurysm. 
Such aneurysm deserves particular consideration : Is its floor the 
result of normal progression in the formation of the interventricular 
septum, irrespective of the obstacle to the course of the blood from 
the right to the left side of the heart which it represents? Or is it the 
result of an endocarditis which, during fetal or extrauterine life, 
sealed a previously fairly beneficial arteriovenous shunt through the 
incomplete interventricular septum? We cannot decide this question. 

SUMMARY 

1. A 65-year-old woman with heart disease, who had begun to have 
congestive heart failure in Feb., 3933, required repeated hospitaliza- 
tion because of congestive failure until her death four years later. 
The essential findings in the heart at her last admission were a loud 
systolic murmur best heard at the second and third left intercostal 
spaces, accompanied by a thrill, and followed by a moderately loud 
aortic diastolic murmur. There was no unusual amount of cyanosis 
and no clubbing of the fingers or toes. The diagnosis was rendered 
difficult by the history of rheumatic fever, the moderate hypertension, 
and the positive Hinton and Kahn reactions, as well as the fact that 
she was at the age when arteriosclerosis could be a prominent factor. 
She was finally thought to have congenital heart disease, probably with 
an interventricular septal defect, and syphilitic aortic regurgitation. 
It must be mentioned that calcareous aortic stenosis was strongly con- 
sidered, but was second choice. 

2. A partial autopsy showed an incomplete, fibromuseular, intra- 
ventricular septum at the junction of the pulmonary conus and the 
body of the right ventricle (pulmonary conus stenosis). The inter- 
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ventricular septum was complete, but was covered with thickened 
endocardium in the form of a small aneurysm. All the fetal passages 
were closed. The free edges of tlie intraventricular septum, as well 
as the pulmonary, tricuspid, and mitral valves, were free from sec- 
ondary disease. The aortic valve showed a calcareous stenosis. There 
was acute adhesive pericarditis. 

3. The anomaly of the right side of the heart is considered as a 
congenital malformation consisting of arrest of the process of separa- 
tion between the pulmonary conus and the body of the right ventricle 
with subsequent complete closure of the interventricular septum. The 
manner and time of the closure of the interventricular septum are not 
determined. Possible causes of an aneurysm in the interventricular 
septum and its effects upon the circulation are mentioned. 
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TRUE COR BILOCULARE IN IDENTICAL TWINS 

Frank X. Giustra, M.D.,® and Vincent G. Tosti, M.D. 

New York, N. Y. 

T rue cor bilocnlare is. a grave anomaly of rare occurrence. Some 
fourteen cases have been reported, nine of which were analyzed by 
Maude E. Abbott. In nine of the fourteen cases cor biloeulare was the 
primary lesion, but in five instances this lesion complicated other defects. 
The most commonly associated anomaly was one of the vessels, usually 
a persistent truncus. 

REPORT OF CASES 

Baby boy F (“A”), who weighed 22S0 gm. and was 4G cm. in length, was de- 
livered by breech extraction. Baby boy F (“B”)» "‘lio weighed 2S_0 gni., was 
cm. in length and was delivered spontaneously and normally. 

Two placentas were expressed, connected by membranes. The septum between 
them was thick and could not be separated. The membranes could be separated 
easily. There was no connection between the circulations of the placentas. Thcie 
were no cord anomalies. 

The mother had had two previous pregnancies, both uneventful. One child is 
3 years of age, the other 11 months of age, and both are well. There was no historj 
of rheumatism, tuberculosis, or heart disease; neither was there a history of any 
infectious disease at the time of delivery. The mother’s blood Wnsserniann reaction 
was negative. Her stay in the hospital was uncomplicated by illness. 

The physical condition of the twins at. birth seemed good. They both cried well 
and their color was good. However, because baby "A” was underweight, he re- 
quired special treatment as a premature infant. 

A complete physical examination was delayed until approximately ten hours after 
birth. Baby “A,” the smaller and weaker of the two, had a systolic murmur which 
was heard over the entire prccordium. Ho definite cardiac enlargement could be 
made out. About thirty hours after delivery, this smaller baby suddenly became 
cyanotic and dyspneic. The heart sounds were feeble; a systolic murmur was still 
beard over the entire prccordium. The child lived only about five minutes after the 
cyanosis and dyspnea were first noticed. At autopsy, the heart measured 5 by 3.5 
by 2.5 cm. and weighed 18 gm. It consisted of one auricle and one ventricle, sepa- 
rated by a tricuspid valve. Both chambers were dilated. The ventricle led into a 
large vessel, at the beginning of which was a tricuspid valve. This vessel gave 
off two pulmonary arteries and then formed a normal aorta with normal branches. 
The lungs presented man}’ atelectatic areas. 

At about the same time that baby “ A ” died, baby “B” developed an ashen 
cyanosis and dyspnea. However, his heart sounds appeared to be good and no mur- 
murs were heard. A roentgenogram was taken immediately and revealed an en- 
larged heart, globular in shape. There was a progressive increase in dyspnea and 
cyanosis, but still no cardiac murmur. This second child died nine hours after his 
twin brother. At autopsy, the heart was dilated, measuring 4 by 3.5 by 3 cm., and 
weighed IS gm. It consisted of only two chambers, one auricle and one ventricle, 
between which was a tricuspid valve. The ventricle opened into a vessel guarded 
by a tricuspid semilunar valve. This vessel gave off two pulmonary arteries and 
then continued as a normal aorta with normal branches. The lungs presented a few 
atelectatic areas. 


CoH^e'^of'MeaicCm^^'^Drl' Charles a A^Weymu5lerJ a dh-e?tor? Ee H ° Spital and ^ 

Received for publication Aug-. 14 , 1938. 


249 



250 


THE AMERICAN HEART JOURNAL 


The complete autopsies revealed no other congenital defects or evidence of other 
disease in either infant. 



Fig. 1. — Roentgenogram of Baby “B.” 



Fig. 2. — Identical double-chambered hearts of the twins. The heart on the left 
is photographed to show the auricle and ventricle and tricuspid valve, while that 
on the right is arranged to show the valve and ventricle and the efferent artery 
in which two pulmonary orifices are visible. 


SUMMARY AND CONCLUSIONS 

Twin babies who weighed 2280 and 2820 gm. succumbed to identical 
congenital lesions of the heart and vessels approximately 30 hours and 
39 hours, respectively, after birth. The lesion of the heart was true cor 
biloculare, and the associated anomaly was a persistent truncus. 

These cases are reported because our search of the literature lias failed 
to disclose any similar instance in which identical twins suffered from 
cor biloculare with persistent truncus. 
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Selected Abstracts 


Strong, Kenneth C.: A Study of the Structure of the Media of the Distributing 
Arteries by the Method of Microdissection. Anatomical Record 72: 151, 193S. 

Mierodissection studies of the arteries of a number of animal species reveal the 
media to be composed of compact, concentric laminae of obliquely directed, 
fusiform muscle cells united so closely as to suggest a syncytial character. The 
cells are organized into a continuous spiral structure. 

dhe functional significance of the organization of the arterial muscle into a 
continuous spiral structure is discussed. The studies suggest the possibility of 
distributing arteries contributing to the forward movement of the blood by their 
intrinsic motor activity. 

Illustrations of the continuous spiral structure of arterial muscle arc contained 
in two plates. 


Segal, Harry L.: Cigarette Smoking. Am. .1. M. Sc. 196: S51, 1938. 

Cigarette smoking can be the cause of fatigue in some people and this fatigue 
can be relieved bj* stopping cigarette smoking. 

Cigarette smoking produces definite changes in the electrocardiogram, mainly: 
(1) an increase in the heart rate; (2) n lowering of the T-wave. 

Both standard and the so-called dcnicotinized brands produce the same effects. 

Although the filter-holders described decrease the amount of nicotine in 
cigarette smoke, a sufficient amount of nicotine is still available to produce the 
above changes in the electrocardiogram. 

These effects occur mainly in people under 50 years of ago. 

Author. 


Mota, B. : A Study of the Ventricular Complex in Electrocardiograms With Left 
Axis Deviation. Rev. argent, dc cardiol. 5: 75, 1938. 

A total of 338 electrocardiograms showing left axis deviation (deep S„„ R, greater 

Inah-zm! 1 ’ m Q , RS . complcx lastin S ™ than ten seconds) were 

J . Ihej were obtained from 316 ambulatory patients submitted to .com- 
plete cardiovascular studies. They fell into four groups: 
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4. M- or W-shaped QRS.,, 22 records (6.50 per cent). None of these showed 
changes of the S-T segment or T-wave changes. No evidence of heart disease was 
shown in 22.78 per cent. 

All of the patients without demonstrable heart lesions had involved T 2 waves, 
except one patient in Group 1 B and two in Group 3. With left axis deviation, 
therefore, an upright T 3 is almost certainly pathologic. Also in borderline cases 
there was a marked tendency for T 3 to be inverted. 

Changes in the S-T segment (lowered in Leads I and II, elevated in Lead III) 
and inverted T-waves in Leads I and II, are almost certainly pathologic in cases 
of left axis deviation. 

In left axis deviation an S 2 with a low N 2 or a low R 2 , whether it is notched 
or sharp, usually indicates severe myocardial damage though not always coronary 
disease. 

Jensen. 

Eussafiea, Adriana, and Puddu, Vittorio: The Action of Digitalis on the Pre- 
cordial Lead of the Electrocardiogram. Cuore e circolaz. 22: 453, 1938. 

A total of 24 cases (21 normal and 3 cardiac) free from digitalis for at least 
three weeks were given 0.5 gm. of digitalis daily for four to six days. The chest 
leads were taken with the technique accepted by the American Heart Association. 
Most commonly the digitalis was followed by complete inversion of the T-waves, 
sometimes without corresponding change in the standard leads. In some cases the 
S-T segment was changed so as to simulate the precordial lead of infarction of 
the posterior wall; none in this series simulated infarction of the anterior wall. 

Jensen. 

Hartog, H. A.: Bundle Branch Block With Short P-K Interval in Electrocardio- 
gram From People With Organic Heart Disease. Nederl. tijdschr. v. geneesk. 

82: 5112, 1938. 

In a series of four cases of bundle branch block and short P-R interval, the 
lesion is explained by accelerated A-V conduction rather than by block. One case 
had also mitral stenosis. There is excellent reproduction of the four electro- 
cardiograms. 

Jensen. 

Martin, S. J., and Gorham, L. W.: Cardiac Pain. Arch. Int. Med. 62: 840, 1938. 

An attempt has been made to determine the role of the mechanical factor in 
the initiation of cardiac pain in dogs recovering from anesthesia. It has been 
found that a typical pain in response can be elicited when tridirectional tension 
in one plane is applied to a coronary vessel in such a manner as to cause no change 
in blood flow. With this procedure the chemical factors caused by impaired 
coronary blood flow are completely eliminated, as shown by the absence of changes 
in the electrocardiogram. The minimal threshold of tension on ligatures in the 
coronary vessel was 3 gm. in the series of dogs used. Local application of alco- 
hol can block stimuli initiating cardiac pain, whether mechanical or chemical in 
origin. It is concluded that tension alone on the coronary arteries in dogs may 
serve as an adequate stimulus for the initiation of cardiac pain. 

Authors. > 

Heim de Balsac, B.: Parietal Aneurysm of the Heart. Logons de Cardiologie 

faites a l’hopital Brousseis 2: 185, 1938. 

This is a fine summary of the subject comparable to that by Parkinson, Bed- 
ford, and Thomson in London. It is well illustrated both with pictures and case 
reports. In almost all cases the aneurysm results from myomalacia following coro- 
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nary occlusion, though the history of this is often vague. Only 2 to 5 per cent are 
on a syphilitic basis (gumma). Two-thirds of the patients are men between the 
ages of 40 and GO years. Usually the descending branch of the left coronary is 
affected. The left ventricle is almost exclusively affected. Some aneurysms cause 
thinning of the cardiac wall only, without change in the external contour of 
the heart. Such a case is illustrated with contrast medium placed post mortem 
in the ventricle. The mechanics of the area is shown in a preparation with in- 
fected cardiac vessels. Cardiac aneurysms may be multiple. Physical signs are 
variable and unreliable; the more important ones arc discussed in detail. Until 
the days of systemic fluoroscopy the diagnosis was rarely made during life. 
Also the electrocardiographic findings are mostly those of various forms of myo- 
cardial damage. Many aneurysms can be seen deforming the left border, either 
as hemispherical prominences or rendering the outline of the rectangular shadow. 
When paradoxical pulsation is discovered it is an important sign; it tends to 
disappear later in the course of the disease. In late cases the movements follow 
these of the ventricular wall but are somewhat delayed, “postsystolic.” 

Cardiac aneurysms rarely rupture; this accident usually occurs in the acute 
stages of occlusion. The aneurysm seems to form in the course of three to six 
weeks. In itself, it has a good prognosis really constituting a form of healing 
after occlusion, but it is so often associated with serious coronary diseases that 
the prognosis is determined by this factor. 

Taken together, the English and this French paper admirably cover the subject. 
Both are accompanied by extensive bibliographies which curiously seem to be 
drawn from widely different sources. 

JENSEN’. 


Puddu, Vittorio: Clinical and Electrocardiographic Observations on 30 Cases of 
Infarction of the Myocardium. Minerva Med. 2: !), 1938. 

This is a nice study of thirty cases of chief interest to readers not familiar 
with the condition and to those collecting series for mass analysis. It is well 
arranged and has illustrations of considerable didactic interest. Twenty cases 
were diagnosed during life, two at autopsy, twenty-eight were males and two 
were females. The youngest was 31 years of age, the oldest, 74 years. Six had 
syphilis. Special attention is given to prodromal symptoms and symptomatic 
cases. The value of precordial leads is demonstrated. Of eight cases observed in 
the attack, two died. Of thirty references to the literature, twenty-two arc from 
American sources. 

Jensen. 


Gorham, L. W., and Martin, S. J.: Coronary Occlusion With and Without Pain. 

Arch. Int. Med. 62: S21, 1938. 

A study of the clinical histories and necropsy data for 100 patients with proved 
coronary occlusion showed that 5S had cardiac pain and 42 did not, indicating a 
higher frequency of painless occlusion than is generally recognized. 

ihe following broad statement may be made regarding Group I, comprising 
58 patients who suffered from cardiac pain in a fatal attack: The patients tend 
to be younger; males show the peak mortality ten years earlier than do females; a 
history of preceding attacks of anginal pain and of hypertension is more common; 
pain overshadows dyspnea as a symptom, and a pericardial friction rub is much 
more often heard. Actual thrombosis, acute infarction, acute pericarditis, and 
milder grades of coronary sclerosis are more frequently encountered than in the 
patients in Group 2. The location of the infarct and the rupture of the ventricle 
with resulting hemopericardium, bear no relation to pain. 
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The following general statement may be made regarding Group 2, comprising 42 
patients who had no pain in a fatal attack of coronary occlusion: The patients 
tend to be older than those in Group 1; the peak mortality is shown to be a 
decade earlier than in females; a history of preceding attacks of anginal pain 
and of hypertension is less common; dyspnea is generally an outstanding symptom, 
and a pericardial friction rub is rarely heard. Old infarcts, with absence of actual 
thrombosis and pericarditis, are more frequent. Marked sclerosis of the coronary 
arteries is slightly, though not significantly, more often encountered. The loca- 
tion of the infarct and the rupture of the ventricular wall, with resulting hemo- 
pericardium, bear no direct relation to the absence of pain. 

A combination of actual thrombosis of the coronary artery and acute infarc- 
tion was accompanied by pain in every one of the 15 instances in which these two 
factors were present. A combination of fibrotic narrowing of a coronary artery, 
without actual thrombosis, plus old infarction and absence of pericarditis, was 
not accompanied by pain in 12 of 17 patients (70 per cent). All the 5 patients 
who did have pain suffered only from a slight degree of it; dyspnea was the 
dominant symptom in 4 of these cases. 

The old mechanical theory of cardiac pain advocated by Allbutt and Wencke- 
bach and more recently advocated by Herrmann, which has been generally dis- 
carded in favor of Lewis’ theory of ischemia, has been re-examined in the light of 
our study, and the role of a tension in coronary occlusion varies directly with 
the speed with which increased tension is produced on the wall of the coronary 
artery proximal to the obstruction and with the pathologic changes in the wall, 
whether these changes are due to a reduced elasticity or an actual degeneration 
of the sensory nerves. 

The tension factor seems to offer a reasonable explanation, not only for the 
presence, but for the absence of pain in cases of coronary occlusion. 

Added support for the importance of the factor of tension in the production 
of cardiac pain has been obtained by an experimental study on animals, the results 
of which are recorded in a separate communication. 

Authors. 

Brill, I. C.: Coronary Artery Disease and Angina Pectoris; The Present Status 

With a Review of Some of the Recent Literature. Ann. Int. Med. 12: 365, 

1938. 

The author has condensed into a single paper a readable summary of the ac- 
cumulated information upon this vital and increasingly important subject. 

McCulloch. 

Routier, D., and Heim de Balsac, R.: Six Clinical Observations on Congenital 

Cardiac Malformation of the Type Called “Communication Interauricular.” 

Bull. Soc. beige de Cardiologie, January, 193S. 

A studj r based on the observation of six cases of this anomaly; all were fe- 
males; two were cyanosed, a fact attributed to some concomitant lesion; symp- 
toms were slight. 

Auscultation: A diastolic murmur can be heard over the second arch on the 
left border, often also a systolic murmur, but without the peripheral signs of the 
aortic lesion. The diastolic murmur is probably produced by eddies in the dilated 
pulmonary artery. 

X-rays: Marked prominence of the second arch; marked ventricular mass with 
apex rounded but not submerged below the dome of the diaphragm. Prominent 
right, border; aortic arch hardly visible. 
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Electrocardiogram: Eight axis deviation and marked notching of QRS. 
These cases differ from ones of persistent ductus arteriosus by the prominence 
of the right border and the smallness of the aortic arch. 

JEXSEX. 


Cobum, Alvin F., and Pauli, Ruth H.: A Precipitinogen in the Serum Prior to 
the Onset of Acute Rheumatism. J. Exper. Med. 69: 143, 1939. 

A precipitin reaction occurs between sera taken just before and shortly after 
the onset of acute rheumatism. It is clear that the reaction is distinct from 
the precipitation of pneumococcus C substance and of certain of the strepto- 
coccus antigens. It is, of course, possible that the phenomenon observed docs 
not represent an antigen-antibody reaction. 

Whatever its nature may prove to be, as a working hypothesis this precipitino- 
gen may be considered either a primary or secondary antigen. Its absence in 
sera taken during phase I and its late appearance in phase II would seem to be 
against its direct bacterial origin, although this cannot be excluded. Another 
possibility is a secondary antigen such as the precipitinogen described by Hughes 
in yellow fever. It has been shown that in rheumatic subjects who develop 
acute rheumatism, the appearance of circulating antibodies to hemolytic strepto- 
coccus is characteristically late. During this delay streptococcal products are pre- 
sumably free to react with human tissue constituents. Such an interaction might 
result in the precipitinogen with which we are dealing. 

Authors. 


Leverton, W. R.: The Heart in Pulmonary Tuberculosis; Electrocardiographic 

Consideration. Ann. Int. Mod. 12: 2S5, 1938. 

A study was made of 41G cases of active pulmonary tuberculosis and 44 inactive 
cases. The cases were classified according to anatomic position of the heart; 47 
showed shift of the heart to the right, 119 to the left, and 250 no shift of heart. 

Arterial hypertension was found in 3S of the active cases, but not in any of 
the inactive cases. 

One hundred and eighty-nine, or 45.5 per cent, of the total number of active 
cases studied showed significant changes in the QRS complex, the RST segment, 
or the T-wave. None of the inactive cases showed any important abnormality of 
the electrocardiogram. 

There were 19 graphic records which showed an abnormal Q-wnve; 12 of these 
were of the Q, type described by Pardee. Thirty cases showed intraventricular 
block, 43 abnormality of the RST segment, and 119 abnormal T-wavcs. 

The electrical axis is apparently influenced by the rotation of the heart on its 
longitudinal axis. 

The percentage of cases showing an increase in the duration of the QRS de- 
pression and elevation of the RST with T-wave changes is higher Ilian expected 
and suggests that the nutritional disturbance of the myocardium found in pul- 
monary tuberculosis of long standing may produce an electrocardiographic pic- 
ture similar to that found in coronary disease. 

The electrocardiogram is of value in the diagnosis of cardiac lesions associated 
with pulmonary tuberculosis. It is frequently the only positive evidence of myo- 
cardial disturbance. 


Author. 
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Ayman, David, and Goldshine, Archie D.: Cold as a Standard Stimulus of Blood 

Pressure. New England J. Med. 219: 650, 1938. 

The literature describing the use of the cold-pressor test of Hines and Brown 
is critically reviewed. No study was found that had repeated the same technique 
as that of Hines and Brown in a group of patients with essential hypertension. 
The test, using the exact technique of Hines and Brown, was repeated in forty- 
eight subjects with normal blood pressure and eighty-eight subjects with essential 
hypertension. The results were in close agreement with those of Hines and 
Brown. 

The final significance of the excessive reactions in certain people with normal 
blood pressure will be known only after these subjects have been followed for a 
number of years in order to note how many develop true essential hypertension. 
For the present, the value of the cold test appears to lie in the field of investiga- 
tion rather than in that of practical application. It is possible, however, that it 
will eventually prove of real value in general practice to pick out many future 
candidates for essential hypertension or hypertension during pregnancy or those 
with past hypertension. Naide. 

Bothstadt, L. E.: The Effect of Auricular Fibrillation on the Course of Hyper- 
tension. M. J. Australia 1: S13, 1938. 

The frequency of auricular fibrillation in 1,000 cases of hypertension uncom- 
plicated by mitral stenosis was 7.3 per cent. 

Hypertension uncomplicated by mitral stenosis was present in 49 (or 11.2 per 
cent) of 435 cases of auricular fibrillation. 

Hypertension uncomplicated by mitral stenosis was present in 32 (or 33.7 per 
cent) of 95 patients who had had paroxysms of auricular fibrillation. 

A study was made of 50 patients with hypertension and established auricular 
fibrillation. All were between 45 and 75 years of age. Auricular fibrillation is 
commoner in older than in younger patients with hypertension. 

The radiologic appearances are described and the difficulties in interpretation 
are discussed. 

Congestive heart failure and embolism were common sequelae. 

The response to treatment was variable. Eighty per cent of the deaths oc- 
curred within two years of the onset of fibrillation; but with treatment a patient 
might live for several years. 

Post-mortem appearances in seven patients are described. 

Thirty-six patients with hypertension and paroxysmal auricular fibrillation 
were studied. 

The prognosis in hypertension with paroxysmal fibrillation is better than in 
hypertension with established fibrillation, other things being equal. 

Quinidine therapy often reduces the frequency of, or abolishes, the paroxysms. 

Author. 

Kunkel, Paul, and Stead, Eugene A., Jr.: Blood Flow and Vasomotor Reactions 

in the Foot in Health, in Arteriosclerosis, and in Thromboangiitis Obliterans. 

J. Clin. Investigation 17: 715, 1938. 

Measurements of the blood flow in the foot in health, in arteriosclerosis, and in 
thromboangiitis obliterans were made under standard conditions by the pletliys- 
mograpliic method. The flow was recorded as cubic centimeters of blood per 
minute per 100 c.c. of tissue. 

The blood flow to the foot reached a constant level after thirty minutes at 43° 
C. The flow at this temperature has been designated as the “maximal” flow. 

The average maximal blood flow to the foot in normal persons was 17.1 c.c., 
with the highest 25.9 and the lowest 11.1 c.c. Ninety per cent of the flows were 
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between 13 mid 20 c.c. The average difference in t lie maxima] flow in the right 
and the left foot was 1.8 c.c. 

The maximal blood flow in the foot showed no appreciable decrease with age 
(17 to 07 years) in the presence of normal cardiovascular system. 

The average maximal blood flow in the hand per equal volume of tissue was 
twice that in the foot. When calculated in relation to skin area the maximal flow 
in the hand was 30 per cent greater than that in the foot. 

The vasomotor reactions of the hand and foot wore qualitatively similar. 
The rhythmic respiratory waves observed during normal breathing resulted from 
the changes in venous pressure associated with respiration and were not of vaso- 
motor origin. A deep inspiration, however, induced constriction of vasomotor 
origin in both the hand and the foot. 

In arteriosclerosis and thromboangiitis obliterans the maximal blood flow to 
the foot was reduced 50 per cent without symptoms or trophic disturbances. 
When the flow was reduced to one-third the normal value, or to the level of 5 c.c. 
or below, symptoms or trophic disturbances usually occurred. 

In both arteriosclerosis and thromboangiitis obliterans severe intermittent, 
claudication in the calf was in some cases incapacitating, though the blood flow in 
the foot was as great as in many normal individuals. Thus the presence of an 
adequate supply of blood to the foot did not eliminate the possibility of obliter- 
ative disease involving the vessels of the calf muscles. 

Authors. 

Thomas, K. Jefferson, Cohen, Mandel E., and Hamilton, Burton E. : Studies on the 

Circulation in Pregnancy. Am. .T. Iff. Sc. 196: S19, 103S. 

Lead V of the electrocardiogram was determined 39S times on 288 pregnant 
women. 

The T-wnve was observed to be upright in 7.7 per cent, of normal pregnant 
women. 

Changes in the chest lead during pregnancy, particularly those in the T-wnvc, 
were thought to be associated with changes in the position of the heart. 

Lead V is of no particular value in diagnosis of heart disease during preg- 
nancy. 

Recognition of normal variation in Lead V of the electrocardiogram during 
pregnancy will avoid erroneous diagnoses of myocardial disease in pregnant women 
with normal hearts. 

These conclusions apply only to chest leads taken with the electrodes placed in 
the manner described above (i.e., exploring electrode in the fourth interspace 5 
cm. to the left of the sternum, indifferent electrode on left leg) and do not ap- 
ply necessarily to chest leads taken with the exploring electrode at the apex of 
the heart. 

Authors. 

Routier, D., and Heim de Balsac, R.: Modification of the Trachea and Bronchi in 

Mitral Disease. Arch. d. mal. du coeur. 30: S61, 1!)37. 

By injecting a small amount of lipiodol, the authors brought into clear relief the 
larger bronchi and showed how enlargement of the left auricle changed their 
course; first the angle between the bronchi is widened and the left bronchus 
tends to wind a more horizontal course. Then their course becomes curved to 
embrace the enlarged auricle "like the legs of a rider gripping the horse.” En- 
largement of the right auricle does not affect the bronchi, but in cases of largo 
pulmonary arteries, the bronchi may become compressed and the angle between 
them may become lessened from pressure by these vessels. 


Jensen. 
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THE EARLIEST KNOWN REFERENCE 
AND CIRCULATION 


TO TIIE HEART 


The Edwlv Smith Surgical Papyrus, circa 3,000 B.C. 


Walter W. Hamburger. M.D.° 

Chicago, III. 

C LAIMS to priority in scientific discovery have long played an 
important role in the history of biologic knowledge. Controversy 
and polemics have often been their accompaniment, and in so far as 
they have stimulated further research they have often served a useful 
purpose. Cannon has recently stressed the value and harm of scien- 
tific controversy. 1 It is generally admitted that virtually all new dis- 
coveries in the field of biology have developed step by step from pre- 
ceding knowledge, a mosaic integrated from countless sources. The 
evolution of new concepts is the inevitable consummation of ideas 
previously and widely held by scientific men of many lands, rather 
than the result of the brilliance of any single investigator. This has 
been traced by Stern, 2 particularly in medicine. 

In the seventeenth century, Stern found that within a period of two 
years four different observers from four different countries independ- 
ently described the intestinal lymphatics and their connection with 
the thoracic duct. In the field of the circulation, angina pectoris was 
described practically simultaneously by Rougnon in France and 
Heberden in London in 1768, while in 3889 both Bouveret in France 
and Hoffmann in Germany described paroxysmal tachycardia. t 

‘From the Department of Medicine, with the assistance of the staff of the Oriental 
Institute, University of Chicago. 

Received for publication Aug. 29, 193S. 

tB. Ebbeli, in his recent translation of the Papyrus Ebers (Oxford University 
Press, London, 1937), believed that the ancient Egyptian physicians "as good observer's 

— — bad perceived that certain symptoms often occur together, and on this basis 

they were able to establish various syndromes as pathological unities, for instance 
angina pectoris ( 37io_it> ” (page 13). “Iff thou exanilnest a man for illness in his 
cardia, and he has pains in his arm, in his breast (mamma) and in one side of his 
cardia, and it is said of him: it is w3d — illness, then thou shalt say thereof =: it is 
(due to) something entering into the mouth, it is death that threatens him,” 

JHere the reference is presumably to angina pectoris (page 48). 

259 



260 


THE AMERICAN HEART JOURNAL 


Scientific dispute loses mueli of its intensity when viewed over the 
long range of the rise of civilized man, particularly as new discoveries, 
archeological, anthropological, and paleographic, frequently antedate, 
perhaps invalidate, previously held views. 

Such experiences make for caution and conservatism in the evalu- 
ation of priority of discovery in the broad sweep of history and 
science. The phrase so aptly coined by the distinguished orientalist, 
James Henry Breasted, “The New Past,” 3 takes on ever increasing 
significance as new and undiscovered material, reaching back to the 
early dawn of civilized man, is unfolded by continuing archeological 
study and research. Knowledge and understanding of our common 
historical heritage gained by intensive archeological field, laboratory, 
and library investigation will doubtless throw additional light on our 
present-day concepts, second only to progress and discovery of the 
unknown future. In other words, one may conceive of research into 
the broad fields of human understanding through efforts in two dia- 
metrically opposite directions: the one into the past (antiquity), 
rediscovering what our ancestors knew and taught as commonplace; 
the other into the future, advancing our frontiers of knowledge. 

The publication by Haddad and Khairallah, in 1936, of “A Forgot- 
ten Chapter in the History of the Circulation of the Blood,” 4 is perti- 
nent to this discussion. In their paper, the authors present conclusive 
evidence that the discovery of the pulmonary circulation, long at- 
tributed to the tlieologian-lieretie Michael Servetus, in 1553, had been 
made some three centuries earlier by a prominent Arabian physician, 
Ibn Nafis, who in three separate manuscripts in the thirteenth century 
gave a classic description of the lesser circulation. The material on 
which this conclusion was based is contained in a manuscript in pos- 
session of the authors — “Commentary on the Anatomy of the Canon 
of Avicenna” — in which Ibn Nafis, a student of medicine at Damascus, 
dean of the Mansoury Hospital, Cairo, Egypt, clearly and repeatedly 
described the pulmonary circulation. 

Caution and care are therefore necessary in any inquiry into prior- 
ity in a given subject, for which reason this paper has been entitled 
“The Earliest Known Deference to the Heart and Circulation” paral- 
leling Dr. Breasted ’s reference to the Edwin Smith Surgical Papyrus 
as the “earliest known surgical treatise.” 

Writings and papers concerning the heart and circulation in antiquity 
usually start with Hippocrates (460 B.C.), Aristotle (384 to 322 B.C.), 
and Galen (A.D. 129 to 200), although mention of knowledge and con- 
cepts of the heart and circulation are known to be contained in the 
Ebers Papyrus (2000 to 1500 B.C.). 
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The present communication contains material largely drawn from 
the “Edwin Smith Surgical Papyrus” (circa 3000 B.C. ). It makes 
no claim for originality. Rather, it is a compilation of material acces- 
sible to any and all students. Credit for discovering and publishing the 
material it contains belongs to Edwin Smith, his daughter, the New 
York Historical Society, Dr. Breasted, and the Oriental Institute. 

The history of Edwin Smith, the finding, acquisition, translation, and 
publication of his papyrus are of considerable interest to Egyptolo- 
gists, archeologists, and students of medical history and perhaps may 
best be given in Dr. Breasted ’s own words : 

“Early in the history of the Oriental Institute. Dr. Caroline Ransom 
Williams, one of our own doctors, then engaged in the study and pub- 
lication of the Egyptian collection of the New York Historical Society, 
called the writer’s attention to the existence of a large and beautifully 
written papyrus in a stately ancient book format. . . . This papyrus 
roll, purchased at Thebes in 1862 by Mr. Edwin Smith, had been given 
to the New York Historical Society by his daughter in 1906. On 
examination the papyrus proved to be a surgical treatise. After fur- 
ther study, it was found to be a document of the highest importance 
in the history of science, being not only the earliest known surgical 
treatise, but at the same time the earliest document in the history of 
science.” 3 

“Edwin Smith, after whom the papyrus is named, was born in Con- 
necticut in 1822, the year that witnessed the first decipherment of 
Egyptian hieroglyphic by Champillon. Smith was one of the earliest 
students of Egyptian in any country. He studied hieroglyphic in 
London and Paris when the science was only a quarter of a century 
old, and was probably the first American to learn scientifically the 
little then known about the Egyptian language. It is of no little 
interest to Americans to know that its (the papyrus) discovery goes 
back to the earliest days of Oriental Science in the United States, and 
indeed to the first generation of Egyptology anywhere.” 3 


DR. BREASTED \s COMMENTS ON THE PAPYRUS 


That Dr. Breasted was well aware of the significance and interest of 
the papyrus to surgeons, physicians, and physiologists is clearly shown 
in his dedication: “To the memory of William Harve.y, discoverer of 
the circulation of the blood, at the three hundredth anniversary of his 
great discovery, this publication of the earliest known surgical treatise 
is dedic ated.” Without going into a general description of the papyrus 


°9 py °I . tty Papyrus dates from the seventeenth century BC nl 
an^ 1 Tvas^^^wrltten °some >1 thne a in^h^I^ramid^Age^ 3000^ to^2500 S ]B 
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(which may be consulted first hand by those interested), one may state 
briefly that it contains a systematic description of forty-eight cases of 
injury and disease, probably mostly of soldiers disabled in warfare, 
with notes of the examination, diagnosis, prognosis, and treatment indi- 
cated, in each case, by an “unknown ancient surgeon.” I have selected 
only that material from the papyrus which seemed to have a particu- 
lar and direct interest to the heart and circulation ■ it is comprised 
largely, if not entirely, of Dr. Breasted ’s own commentaries. 

In the foreword (page XVI) Dr. Breasted, in discussing knowledge 
possessed by “our ancient surgeon,” writes as follows: 

“He knew of a cardiac system and was surprisingly near recogni- 
tion of the circulation of the blood, for he was already aware that the 
heart was the center and the pumping force of a system of distribut- 
ing vessels. He was already conscious of the importance of tlie pulse 
and had probably already begun to count the pulse, a practice hereto- 
fore first found among the Greek physicians of the third century B.C. 
in Alexandria.” 

In some exceedingly interesting comments on the pulse and its re- 
lation to the heart beat and the circulation of the blood, we find the 
following (General introduction, page 13) : 

“The importance of observing the action of the heart in determin- 
ing the condition of a patient appears here for the first time in medi- 
cal history. The passage containing these observations unfortunately 
falls in the only broken and fragmentary column in our document, 
resulting in some uncertainty over the following important point. In 
spite of tlie imperfect condition of the text of this passage, there is 
much probability that the surgeon counts the strokes of the pulse, and 
it is doubtless a significant fact that the first physician who is known 
to have counted the pulse, Herophilus of Alexandria, (born 300 B.C.), 
lived in Egypt. It will probably also not have been wholly an acci- 
dent that this was done in the land which produced the earliest known 
time-pieces, for Herophilus used an Egyptian water-clock for timing 
the count of the pulse. Herophilus is well known to have been an 
investigator of much independence, and he was one Greek physician 
who so nearly approached the discovery of the circulation of the 
blood, that there are historians of Medicine ivlio believe that he 
actually achieved this discovery. Before his time, Greek Medicine had 
been long misled by the dogma that a force resident in the arteries 
caused the pulse. Our treatise, however, already knows that the pidse 
is due to the force and action of the heart. Herophilus was the first 
Greek physician to recognize this fact. That he should have lived in 
Egypt, where the cardiac system disclosing the heart as the central 
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force liad already been known for perhaps 2,500 years is hardly likely 
to have been a pure coincidence. It should be made cpiite clear, how- 
ever, that our treatise, while it shows knowledge that the action of the 
heart affects and supplies all extremities and all parts of the body with 
blood, does not indicate a recognition of the circulation of the blood.” 

Dr. Breasted comments on the surgeon’s careful examination of a 
brain injury, and his interpretation of the findings is as follows (page 
14) : ‘ 1 Our ancient surgeon . . . probes with his fingers to the interior 
and discovers cardiac pulsations, or as he says the ‘fluttering and 
throbbing like that on the crown of an infant’s head before it has 
grown together.’ ” 

Correlation of the pulse and the heart is seen from the following 
(page 64) : “In observing the pulse, our surgeon knows he is examin- 
ing the operation of the heart, and he states that the observation of 
the pulse is undertaken ‘in order to know the action of the heart.’ ” 

Further interesting observations on the pulse and its measurement 
follow (page 105): “When we note that the discussion in the next 
few lines . . . pictures the physician as placing his hands or fingers at 
various points along the body of the patient and discerning the pulsa- 
tions of the heart from one extremity to the other, the question in- 
evitably arises whether he is not discussing the counting of the pulse 
in making these references to . . . ‘counting.’ If so, it is the earliest 
such reference in the history of medicine, for the counting of the 
pulse was unknown to early Greek Medicine and is not mentioned 
until Democritus and the Hippocratic treatises. 

“It first occurs in the treatise peri ir optics about 400 B.C. It would 
be of especial interest as occurring at this remole age, not only in the 
history of physiology, but also in the history of the development of 
instruments for time measurement ; for it would be impossible to count 
the pulse without an instrument finely enough developed to measure 
small intervals of time. The Egyptian water clocks or shadow clocks 
now known to us would have been rather ill suited for use in accurate 
counting of the pulse beat. The physician would have needed a port- 
able time measure. . . . The earliest known counting of the pulse with 
a time measure was done by the distinguished Herophilus of Alexandria 
in the third century B.C.” 


THE PAPYRUS 

Turning now to examine the facsimile of the papyrus itself, we see 
in Fig. 1 a photograph of the facsimile of Column I of the surgical 
treatise, dealing with three cases of head wounds, written in hieratic 
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Fig. 1. — Photograph of the facsimile of Column I of the Surgical Treatise dealing 
with three cases with head wounds (Edwin Smith Surgical Papyrus. New York 
Historical Society.) A, Sense sign (ideogram) for the word “heart”; B, sound signs 
(phonograms) for the word “heart” (hieratic). University of Chicago Oriental In- 
stitute Publications. University of Chicago Press, Chicago, 1930. 
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Fig. 2. — Photograph of the facsimile of the hieroglyphic transliteration of Column 
I (cases of head wounds) of the Edwin Smith Surgical Papyrus. A, Sense sign 
(ideogram) for the word "heart”: B, sound signs (phonograms) for the word “heart” 
(hieroglyphic). The ideogram following the phonogram (reading from right to left) 
is spoken of as the "determinative," as it appears to determine the meaning of the 
foregoing sound. University of Chicago Press, Chicago, 1S30. 


Fig. 2 shows a photograph of the facsimile of the transliteration of 
Column I by a modem scholar from hieratic into hieroglyphic. 

The first references to the heart and circulation (pulse) and 
methods of their examination are found in Case 1 of Column I, which 
Dr. Breasted translates as follows: r 

“Now if the priests of Sekhmet or any physician put In's hands (or) 
his fingers [upon the head, upon the back of the] head, upon the two 
hands, upon the pulse, upon the two feet [he] measures (h’y) [to] 



266 


THE AMERICAN HEART JOURNAL 


tlie heart, because its vessels are in the hack of the head and in the 
pulse; and because its [pulsation is in] every vessel of every member.”" 

The words enclosed in brackets [ ] represent those supplied by the 
translator, because of the “broken and fragmentary” condition of this 
portion of the column, and therefore cannot be accepted as absolutely 
conclusive. However, because of the context of the remaining clear 
portion of the treatise, and because of a parallel in another document 
(the Papyrus Ebers), there is little doubt of the correctness of this 
interpretation. One reads and appreciates this ancient methodical 
and objective description of the pulse, its examination and interpre- 
tation, with deepest interest, especially when viewed over the wide 
expanse of some 5,000 years. How little we realize today, instructor 
and student alike, the historical background of this simple clinical 
method, when we examine and palpate for the pulsating radial, carotid, 
brachial, femoral, dorsalis pedis, and posterior tibial arteries ! It 
was Rokitansky who advised the medical student of his day “to light 
his torch on the flame of the ancients,” categorical advice which is 
still applicable. 

A second reference to the heart appears in Case VII, Column III, 
line 3, of the treatise : 

“his heart (= ‘liis spirit' or ‘liis mind') is too weary to speak, or 
‘for speech.' His heart beats feebly.” 

Figs. 3 and 4, photographs of the facsimiles of the hieratic script 
and the hieroglyphic transliteration of Column III, respectively, con- 
tain the material whence this excerpt is taken. As is evident, “our 


*Dr. John A. Wilson, Director of the Oriental Institute, careful student of the 
Smith Papyrus, on reviewing this paper, comments on this passage of the papyrus 
as follows : 

“The passage means much the same thing under my translation. As my own 
translation differs slightly from that of Dr. Breasted, I give it here. If my trans- 
lation is of any use to you, you are of course welcome to it. 

‘[As for] those (members on) which (A) the priests of Seklimet or any physician 
puts his hands (or) his fingers: [upon the head, upon the back of the] head, upon 
the two hands, upon the location of the heart (B), (or) upon the two legs [he] 
measures (ii-’y) [for] (C) the heart. That is to say (D). its vessels are in the back 
of the head and in the location of the heart ; that is, [it speaks throughout] every 
vessel of every' member.’ 

A. For syntax, cf. K. Sethe, Erldnterungen den altagyptischen Lesestiicken 
(Leipzig, 1927), 58, 15 to 17. 

B. Literally' ‘place of the heart’ ; probably the physical location of the organ. So 
H. Grapow, Ueber die anatomischen Kentnisse der altiigyptischen Aertzen (Leipzig, 
1935) p. 15. Note that a ‘favorite’ is "he of the place of the heart” — Erman & 
Grapow, Worterbuch, IV, 4. 

C. ‘Measure to’ would probably be h’y r. Here we have, from the Ebers parallel, 
h’y n, ‘measure for.’ 

I). The Ebers parallel has hr ntt ‘because of the fact that.’ But here we have 
lit pio, which Gardiner, Egyptian Grammar, No. 190,2, gives as 'that is.’ ” 

In connection with this passage, one is struck by' the close parallel found in the 
Ebers papy'rus : (The Papyrus Ebers; Translated by' B. Ebbell.) pp. 114 to 115. 

“XCIX. There are vessels from it to every limb. As for this, when any' phy'sician, 
any surgeon (lit. Sachmet-priest) or any' exorcist applies the hands or his fingers to 
the head, to the back of the head, to tlie hands, to the place of the stomach, to the 
arms or to the feet, then he examines the heart, because all liis limbs possess its 
vessels, that is: it (the heart) speaks out of the vessels of every' limb.” 

The close similarity' of these two passages suggests that the original yvriter of 
these two papyri (Ebers-Smith) was one and the same, or that they were two 
individuals, one copying from the other, or that, finally, the passage in both papy'ri 
yy'as copied from a much earlier source, antedating both. 
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ancient surgeon” amplifies the simple observation of. the heart to in- 
clude the concept of a failing - or feeble organ, perhaps thus demon- 
strating his astuteness of observation and clinical experience. The 
phrase “too weary to speak!”, suggestive of the tired heart, ex- 
presses the skill and artistry of the ancients. 

The Egyptian word for heart, a conventionalized picture of the 
organ, may be found in the hieratic script- of Column I, line ( (h ig. 
1) ; it is the character identified with the black arrow. Through the 
kindness of Dr. John A. Wilson, director of the Oriental Institute, 
University of Chicago, I was enabled to secure a pictorial enlargement 
of the word (Fig. 5). Likewise, the hieroglyphic analogue for heart, 
indicated with the arrow in Fig. 2, has been enlarged for easier iden- 
tification in Fig. 6. Thus we have graphic evidence of the introduc- 
tion into ancient Egyptian writing of the word “heart.” To some 
extent we may visualize the gross appearance of the heart from the 
hieroglyphic heart sign, particularly, as we shall see (p. 269), because 
it symbolizes the ox heart, and identifies the base and apex of the heart 
and the bilateral symmetrical projections, the pulmonary artery and 
aorta, respectively. 

In connection with the above, we may consider here certain data 
concerned with these early Egyptian records: “The hieroglyphic 
form of inscription was employed chiefly on monuments, consisting 
of birds, beasts, men or definite objects, sculptured in stone or painted 
on wood. The hieratic writing, on the other hand, was used in the 
sacred and medical papyri. The emblems used in the hieroglyphics 
are contracted, mere indications being used to save the trouble of 
forming complete pictures of birds, beasts, etc. Thus, when copying 
or passing from stone to papyrus, it became essential to use some 
form of cursive writing for ease in execution, whence the develop- 
ment of hieratic script.” 0 

The hieroglyphic sign for the heart may be found in A. H. Gardi- 
ner's Egyptian grammar, 7 the authoritative textbook of ancient 
Egyptian now used by all English-speaking Egyptologists. In Fig. 7, 
a photostat of page 456 of the grammar, one sees the heart sign No. 34 
marked with arrow. In further explanation and elucidation of ancient 
Egypt ian. Gai diner writes as follows: “Even in the fully developed 
form of hieroglyphic writing only two classes of signs need be clearly 
distinguished. There are, first, sense signs or ideograms, and second, 
sound signs or phonograms. Ideograms, or sense signs, signify either 
the actual object depicted ... or else some closely connected notion. 
Ideograms or sense signs . . . are signs that convey their meaning pic- 
torially. ... In several of the examples quoted . . . the ideogram follows 
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one or more phonograms and ends the word. In such cases as these it 
is called a determinative, because it appears to determine the meaning 
of the foregoing sound.” In the definition of the heart sign (Fig. 7, 
No. 34) one may then identify the sign used first as an ideogram, and 
that in the latter part of the definition as a determinative to clarify the 
preceding written phonograms. One may now turn hack to Fig. 2, 
where on close inspection it may be seen that the heart sign is also used 
as a determinative following the phonograms, reading from right to left, 
the usual direction of ancient Egyptian writing. 



Fig. 3. — Photograph of the facsimile of Column III of the Edwin Smith Surgical 
Papyrus. University of Chicago Press, Chicago, 1930. 


Further usage of the heart sign is found in the German dictionary 
of Erman and Grapow, “Worterbuch der aegyptischen Sprache,” 
Vol. I s (Figs. 8 and 9). Beginning with the heading “das Herz,” 
page 59, a wide variety of expressions in which the word heart is in- 
cluded is listed, and the list is continued on page 60. Many of these 
phrases were taken from the widely known and carefully studied and 
translated Papyrus Ebers (George Ebers — 1875 9 ). 
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And finally, it may be of interest to quote the following from 
Warren R, Dawson . 10 “It is a noteworthy fact that the various 
hieroglyphic signs representing parts of the body and especially the 
internal organs are pictures of the organs of mammals and not of 
human beings. This shows that the Egyptian knowledge of the inter- 
nal structure of animals is older than their knowledge of that of man. 
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It shows, further, that they recognized the essential identity of the 
two, for they borrowed the signs based on the organs of animals and 
used them unaltered when speaking of the corresponding organs of 
the body. Thus the hieroglyphic for heart is the heart of an ox and 
not that of a man.” 

This brief consideration of the earliest known reference to the heart 
and circulation, contained in the Edwin Smith Surgical Papyrus, may 
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Fig. 5. — Enlarged photograph of the Egyptian word for “heart,” taken from line ' 
7, Column I, of the Edwin Smith Surgical Papyrus. University of Chicago Press, 
Chicago, 1930. 



Fig. 6. — Enlarged photograph of the hieroglyphic analogue of the Egyptian word 
for “heart,” taken from line 7, Column I, of the Edwin Smith Surgical Papyrus. 
University of Chicago Press, Chicago, 1930. 
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Sign-list 

F; 9 -f 


EGYPTIAN GRAMMAR 

hide of leopard (?) Idco. or dct. in f;?" var. Tp ( l/ 0 ' 
pierced by an arrow lives. A Iso plion. si, ex. f 1 

in spite of the fact that l’yr. write thi 
with t instead of /. 

• />r. iiy;. 1 r#»t. > 1 #*. *j». * />'. nr«; **f A/. 4 ?- *« 


'pierce* and cJenvw 
(the jjoddw) Satis \ 
s name > 3 <h 


-o •>=■« water-skin Cf. • water-skin V ‘cushion Hence phon. hi. 

’ ex s*. Via var - 1*) r - • -y — ’ il ^ ‘draw forth ' ; var. 

te/tf* address", * question". 

* /«. If, Hjt; tl. lv.O K. n. %»t^ «V. 

» / t fk . », I. * /)♦". » 0 j 3 - * !!<•*. m»*. «:«. J< 


-,i jf, three foxes' skins tied 
111 together 1 


*: »—• animal's belly showing 
teats and tail 1 
tail 



;,j f/ heart 

;.j t heart and windpipe* 


Cf. - ’ mst ‘apron of foxes’ skins". Hence phon. ms (ml). 
exx. f’O mil. var. l’yr. 1 mil, ‘give birth": 
j“ ;*•— «J.\.'r‘ I 4 mt.lmf ‘ black eye-paint 

* J»y, Jl‘f '/I * I.* 1 '. V*»,. i« i'*f« * /)*. l/A * //. JJ.i 

Idco. in ^7 (i f ’ Inrlly *, * Ixxly *. ! fence phon. tj. s 

* ||, tittS f js ’ ii,‘. 


Dct. in r.f ‘ tail Hence phon. or phon. det. !•/. 
ex. x var.>.“ 1 Silty, a title 

\ * />*. I)i»i. • TVS*!, tw'j?} 

ldc-o. in ~ var. I’yr. ' J? 1 W “heart". Dct. in — ‘-o Ar/|- ‘heart . 

< />..jn. 


For unknown reason, phon. vfr 1 in >‘fr ‘good’ and 
related words. 

* //».*. jw tj, < *ut.i */*^***». **••» 

!lc<i*rtuio, lhnr t j/h.j, i, 4 • In it r * *<. Oj'W t» 


;6 ( lung amt windpipe 1 Cf. | : s " : ‘ * lung ". Hence phon. or phon. det. 

in ~ | * var. | t»/> (:»«/)* ‘unite’ and demativex. 

' ,i.<s. • / 1 w. 1 , 1 • />'. *:ij. 


,t7 fef* backbone and ribs Idco. or det. in j var. hi ‘luck". Dct. in ; ^ ■ 

/'•«f ’back'. Ity confusion with id Mat, phon. dct. sm in 
f Ao.T! * tM ‘succour*. 

* /•//. I. »*, J|. • / VI, U, 91 *, ij * S 

L»j 1 . V 4 . * t ; ti. 


3S u ’ alternative to last Det. in ’back". 

(Dyn. .Will) * aiw r^sri.t., tu c.ii. ji&io, 11 ti. ;)•{*,/. i'..ri,, r. 

39 backbone whh marrow Idco. in var. hmlj ’marrow",’ whence also (-7 7, 

issuing from it 1 var. 7, tmt/j ' venerated state". Rarely det. in fsj 

• back ". 

• si-u. r.r. Lp. 1. ' ,t/. 1 is. » ti,«. will, rvi. 1,. 

kmiox, 


Fin. 7. — Photostat of pniri- -1 i‘. of A . U. rjardlm-r'ri ""KKJ'Pthin < inttiuimr." (liowlin: 
the Knyptinn word for ‘‘hi-utt," No. ”1 of tin- Men list. .1, hh-ugtiini ; }!, phiuiognims : 
C, deterrnlrmtlvv. Clnri-ndon J’ivjoi, Oxford. lPl’T. 


liorliaps lie of - intcrosl In mcdit-jtl men ,• md students of UH-dicnl history 
in emplnisizin<r afrain how very distant and far rniHiinj; jut the 
roots of our hnowlcdfrc in t lie biological sciences. It is surely with a 
deep sense of reverence that we of the present day are privileged to 
look hack through these lon<r vistas of prowiup human wisdom and 
understanding, may eat eh Ihe first glimmerings of conscious scientific, 
enquiry and observation, can appreciate the “flame of the ancients.” 
lighting the torch of knowledge in the domain of tin 1 heart, and circu- 
lation, and can see it carried forward so brilliantly by “our ancient, 
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n junfecjis/in" Jjujjei. lydin. >msAn. 
JXUvcjffcn. 1. 

■A taroL UnuL" • • £.* 

jl baj'cl .---.n. itu-ti . ,, 7w^eXy^.....wrLcL 

2UH4vc&a»\... 3. 

4 _j Etur 5. 

itur. SjjLC^L ^Ssrr\ajrui£srt\. oZr 6. 




-A 


g a $ 


nardbt 
\ar<i 

laici-aX- 

S 

U- 




A 




oK 

<=»1 




■O 

I 


9* 


Xvz^vruji/ruj ?• 7. Xit . M.~R . 

JUn\. Tlfiin ?OurLQJivu 8 . ^.10 

^z. >3$\ 

gi/n 3\Auxi&jyun-e/L& 9. Sit. M/R. 
cUx* 3Gyuj. 

-1^ ) ' -. * i • 

(X. aZf> djLh iTWiAcAje^T. 10 wnd. 

axuA. chut Tiejis. II. 
xkj-?. A-5tj . 

2. biZAXjjcX i. c TTllfcbzAjvu/vdlct. } Cj&*\JblUsrr\. li. 
iATjiZjLh/yvvdznil. bn. Aft - v& 

&<u. A-Jt- ). 

C. XmXJAucA. II a Za ds/> DunnZdbnS} t 

'SiUX&L-ns, , UEoUttn/j u.A.w._ 

IDts. '•miixyyfcc/n. ChxzuAnAe&t cLtaAJtA Aauu- 
5 ji?mucluxA^ cIea UhvCteA 

/jjueAjs. A«i ctfl/ri, <XJnAltn&r\. SbaI/WvcL- 

tliltn.. 

3/m. -i-ru?. 3 f/nflm, A/O^V>t . X 

X. Ui/iAta/rtd. ^SxLaLvn&e. 14. 

oluA- yrrij-t. - to xx.^.UT.). 

» S 1 . iLn^ta/n/I dx!/> KXru/3-4 a&> *f? ! 

SS- 2 "Saj. ^ u.a. IS. I 


<VlP,OJ “ 
foj . 4»Jo 




U..CL. 


1 

■^x t? 

I ; Id 


■Yl 


3 P f iXanjb^aAxdl dub 31*. a£* 3i sjl - ^ 

i- /VtOWLfi. djfc/j 16 -u/vuA. I 

cux/cA. dtu> C&omA IT. &»l. 

I. SjuxM/bAfi/n. 18 j OkanjaSttzn. I?. 

TFT Sti/m/mxim^ 10. 

Fig'. 8. — Photostat of page 59 of Erman and Grapow’s “Worterbuch der aegypti- 
schen Sprache” Vol. I, showing various usages of the Egyptian word for heart, be- 
ginning with “das Herz.” J. C. Hinrichs’sche Buchhandlung, Leipzig, 1926. 


surgeon” (Imliotep ?), Aristotle, Praxagoras, Herophilus, Galen, 
Yesalius, Colombo, Harvey, Malpighi, Tliebesius, and their many con- 
temporaries, pupils, and descendants. 

It is a pleasure to express to Dr. John A. Wilson, Director of the Oriental In- 
stitute, University of Chicago, my deep sense of indebtedness for his kindness and 
assistance in the preparation of this paper. I am likewise greatly indebted to Dr. 
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IV. QxiaHa^lC^C. '• 
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Fig. 9. — Photostat of page CO showing a variety of phrases in which the Egyptian 
word for heart Is portrayed in Yol. I of the “Yforterbuch tier aegypUschen Sprat-lie," 
Erman and Grapow. J. C. Hinrichs’sche Bnchhandlung, Leipzig, 192G. 


Louis X. Katz, Director of Cardiovascular Research, Michael Reese Hospital, for 
many helpful criticisms. I am likewise indebted to the Oriental Institute for permis- 
sion to reproduce various photographs of facsimiles from (he “Edwin Smith Surgical 
Papyrus” (Pigs. 1 to C inclusive); to the Clarendon Press for permission to repro- 
duce photostat of page 45G of A. H. Gardiner’s “Egyptian Grammar” (Fig. 7) ; and 
to J. C. Hinrichs ’selte Buclihandlung for permission to reproduce photostats of pages 
59 and GO of Erman and Grapow ’s “Wortcrbucli dor aegyptischen Spracho” (Figs. 
8 and 9). 
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THE PROGNOSIS OF BUNDLE BRANCH BLOCK* 

Lons Fai'gkres Bishop, flit., SI.D., and George A. Garden, Jr., i\1.D. 

New York, N. Y. 

S INCE t he advent oi' the electrocardiogram there has been a growing 
interest in the elinieal significance of intraventricular conduction 
defects of the bundle branch block type. This interest, has been fed 
by a progressive increase in the number of recorded examples. King 1 
reports that in 1930 it was found more frequently in the medical wards 
of Johns Hopkins Hospital than rheumatic or typhoid fever. As King 
suggests, this is probably due to a freer use of the electrocardiograph 
rather than to any significant increase in the incidence of the disorder. 
With few exceptions, the numerous reports of large series of well-studied 
cases which have appeared in the literature in the past 1G years indicate 
that the presence of a bundle branch defect, either partial or complete, 
is presumptive evidence of advanced heart disease and makes Ihe prog- 
nosis grave. This is so contrary to our personal experience with a group 
of 50 patients whom we have followed for periods as long as 20 years 
that it stimulated the present communication. In this we have attempted 
to analyze a group of significant reports which have appeared in the liter- 
ature in the past 16 years, selecting those which lend themselves to a 
fairly uniform type of analysis, and to compare these with the present 
small scries, in order, if possible, to disclose the factors which influence 
this discrepancy in prognosis. 


REVIEW OK 1,178 CASES FROM TIIE UTERATCRE 


Type of Electrocardiogram . — Tt became apparent to White and 
Viko, 2 in 1923, who studied complete and partial bundle branch block 
separately, that there is little or no difference in Ihe prognosis in the two 
groups. This observation has been adequately confirmed by Graybiel 
and Sprague. 3 From 395 cases analyzed separately according to type and 
degree of bundle branch block, they concluded that partial bundle branch 
block should be regarded clinically as equally as significant as complete 
bundle branch block, and that the prognosis in both is essentially the 
same. 


The present review of 1,178 reported cases includes only those in 
which there was a pronounced degree of conduction defect, but no at- 
tempt has been made to review them separately with regard to the par- 
ticular type of conduction defect present. 


t * I \ C n d ,A t t,,e Fourteenth Scientiac Sessions of the Amerind 
June 10, 1938, San Francisco, Calif. a 

Received for publication July 20, 1938. 


Heart Association. 
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Age, Sex, Type of Heart Disease, Associated A- V Bloch, Cardiac De- 
serve, and Cardiac Enlargement. — There is a close similarity in most 
of the statistical data. The age was not averaged in all the reports, bnt 
in 60 to 80 per cent of the cases it ranges between 50 and 70 years. 
In the hypertensive and arteriosclerotic group the average age is higher 
than in the syphilitic and rheumatic group. In King’s 1 series of 150 
cases the average age was 61 years, 4 months, in the senile group; 48 
years, 3 months, in the syphilitic group ; and 42 years, 2 months, in the 
rheumatic group. 

Males invariably predominate, 3 or 4 to 1. 

Those patients etiologieally classified as having hypertensive or 
arteriosclerotic heart disease comprise 70 to SO per cent of the cases, and 
of these about 50 per cent had had anginal symptoms. The remaining 
20 to 30 per cent includes eases of syphilitic and rheumatic heart disease, 
an occasional case of congenital heart disease, and a few which could 
not be etiologieally classified. The relative incidence of rheumatic and 
syphilitic heart disease depends upon the geographical distribution of 
the cases; the incidence of the former is higher in the northeastern 
United States, and that of the latter is higher in the Southern States. 

Associated A-V heart block, partial or complete, was found in various 
percentages from 3 to 34 per cent. In the 395 cases of Graybiel and 
Sprague, 3 the largest single series reported, A-V heart block, partial or 
complete, was present in 37 cases, or 9 per cent of the entire series. 

The reports did not lend themselves to a statistical analysis of the pre- 
cise cardiac status of these patients. In Herrick and Smith’s 4 35 cases 
all of the patients had “cardiac weakness,” and 65 per cent had con- 
gestive failure. White and Viko 2 found congestive failure present in 
23, or 56 per cent, of 41 cases reported. Willius 5 found dyspnea on ex- 
ertion to be a prominent symptom in all of his 105 cases, in 14 per cent 
of which frank congestive failure was present. Hill 0 found pronounced 
cardiac insufficiency in all of his 41 cases. Campbell and Turkington, 7 
in their series of 56 patients, separated the hospital ward patients from the 
private ambulatory patients and found a marked degree of myocardial 
insufficiency in 60 per cent, mostly in the hospital group. Graybiel and 
Sprague 3 observed congestive failure in 118 of their 395 cases. Al- 
though King, 1 in the report of his series of 155 hospital cases, does not 
mention the cardiac status, he does point out that the very fact that the 
patients were in a hospital indicates that cardiac symptoms were present. 
In sharp contrast to the observations of others, Wood and his associates 8 
report no evidence of heart disease, aside from the electrocardiographic 
evidence of a bundle conduction defect., in 31 per cent, no marked heart 
disease in 23 per cent, and definite heart disease with, and without, fail- 
ure in 45 per cent of their series of 64 patients. 

In the other reports no estimate of the relative cardiac reserve is 
recorded, but, judging from the 851 cases in which data are available, 
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it is apparent lluit. will) the exception of t lie series of Wood, et. a!., s car- 
diac insufficieney was present in a very high percentage of the cases of 
bundle branch block. In accord will) this is the fad that cardiac enlarge- 
ment (although its presence or absence was not always mentioned) was 
even more common than frank cardiac insufficiency. For example, in 
Graybiel and Sprague V 1 395 cases heart size was noted in Kid and found 
to be larger than normal in Id 4 of these. Here again the findings of Wood 
and his associates'* do not fall in line with those of others, as they found 
a very small percentage of patients with cardiac enlargement, and, as 
would be expected, that these are mainly patients manifesting other 
evidences of heart disease. 

Prognosis . — Of the 1.178 cases reviewed there are follow-up studies re- 
ported in 81)0: these are summarized in Table 1. It is immediately 
evident from this table that the observations of Wood and his associates' 5 
differ strikingly from all the others in regard to prognosis. By dividing 
them into three groups, according to the presence and the degree of 
heart disease, they show that the prognosis is dependent on the degree of 
attendant heart disease rather than on the presence of bundle branch 
block. As all their cases were examples of right bundle branch block, 
they raise the question whether the location of the bundle branch lesion 
accounts for the optimistic prognosis or whether their findings apply to 
bundle branch block of all types. In support of the former possibility 
they cite 14 cases of right bundle branch block (5 reported by Von 
Deestcn and Dolganos and 9 by Oppenheimer, Rothschild, and Mann), 
in 12 of which the patients were followed for many years and did not. 
manifest any cardiac symptoms. In support of the oilier hypothesis, 
namely, that lesions of the right bundle branch have no special indi- 
vidual prognostic significance, are the following notable observations: 
(1) Baylcy 0 analyzed 75 cases of right and 103 of left bundle branch 
block and in referring to both groups collectively says: “The average 
person with bundle branch block shows lit lie evidence of cardiovascular 
disease on routine physical examination.” As Baylcy published no fol- 
low-up studies his series is not included in Fig. 1. (2) Campbell 

and TurkingtonV follow-up studies of 56 patients with loft, bundle 
branch block, 0 which showed that the prognosis was good in the noil- 
hospitalized group, further tend to nullify the conception that the 
optimistic prognosis is limited to patients with defects in the right 
bundle only. (3) Finally, as mentioned previously, Graybiel and 
Sprague 3 showed quite definitely in a study of a large enough series to 
carry conviction that neither the type nor the degree of bundle branch 
block had any special influence on the prognosis. The mere presence 
of any sort of intraventricular conduction defect, they felt, was of 
grave prognostic significance. 


*Keported as right bundle branch block (old terminology). 
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The balance of evidence would seem to indicate, then, that (lie favor- 
able prognosis observed by Wood and bis associates 8 in patients without 
pronounced evidence of heart disease, other than the electrocardiographic 
indications of an intraventricular conduction defect, has nothing to do 


with the fact that they all happened to have right bundle branch block, 
but is rather to be ascribed to the relatively slight, degree oi attendant 


heart disease present. 

The high percentage of cardiac insufficiency and cardiac enlargement, 
which occurred in the other groups accounts for the relatively poor 
prognosis in those groups. With the exception of the nonhospitalized pa- 
tients of Campbell and Turkington V series and the selected group re- 
ported by Wood and his associates, 8 roughly 60 to 70 per cent of all the 
other patients were dead within an average of one year after the dis- 
covery of the bundle conduction defect. The survival period of those 
still living averages 2 years, 10 months. Bach, 10 and also King, 1 both 
of whom presented their eases separately according to etiology, were in 
agreement that the prognosis is universally bad in the syphilitic, eases, 
despite the fact that they occur in younger persons, and relatively good 
in the rheumatic cases. The results of follow-up studies over periods 
of 4 years or more are not mentioned in all Ihe reports, but the studies 
which have been made, with the exception of that of Wood, ct al., 8 which 
showed that 22 patients, or 40 per cent, were alive 5 years (average) 
after the discovery of the electrocardiographic abnormality, reveal that 
few patients survive very long. Two patients, or 3 per cent, of Bach’s 1 " 
series were alive after 9 and 14 years, respectively. Campbell and 
Turkington 7 report that 6 patients, or 11 per cent, were, living between 
7 and 13 years after the discovery of the lesion. King 1 mentions only 2 
patients, both followed for 6.5 years, but does not state whether they 
were living or dead at. the end of this time. Of 18 of Salecdo-Salgar and 
White’s 11 patients (11 per cent of their series) S were living and 10 were 
dead after 6.4 years (average). 


PRESENT SERIES 


The present series consists of 50 patients seen in private practice 
during the course of the past 20 years, all of whom were ambulatorv 
when first seen. All of tlio.se who arc living have been contacted recently, 
and m cases in which death lias occurred, the exact, time and, in most, 
instances, the mode of death have been ascertained. 


Type of Electrocardiogram. — Only electrocardiograms showing a 
marked degree of intraventricular conduction disturbance, with QI?S 
intervals of 0.12 second or more, were chosen. Thirty-five were ex 
amples of complete left bundle branch block, 5 of complete rkdit bundle 
branch block and 10 of intermediate types, differing only from complete 
bundle branch block m that the T-waves were not in the opposite direc- 
tion from the main ventricular complex in both Leads I and TIT. 
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Age, Sex, Type of Heart Disease, Associated A-V Block, Cardiac Re- 
serve, and Cardiac Enlargement. — As shown in Fig. 1, the average age of 
the 50 patients when first seen was 59.2 years. The average age of those 
still living is 10 years less than of those who have died. 

Twenty-six per cent, or approximately one-fourth, were women. 

When classified etiologically, 43 patients, or 86 per cent, had hyper- 
tensive or arteriosclerotic heart disease, 2 had syphilitic aortitis with 
aortic insufficiency, 2 had rheumatic valvular disease, and 3 were un- 
classified because they presented no clinical evidence of heart disease 
other than the electrocardiographic evidence of a bundle conduction 
defect. 



WHEN BBS DISCOVERED AND WHEN LAST SEEN 


Fig-. 1. — Graph showing the total average age of the entire series when first seen, 
A. The patients are subdivided into those who are still living, B, and those who 
have died, O, and their ages are compared with similar data when last seen (D, E, F). 
The age differences between these two groups give the average duration of life for 
the entire series in those living and those who have died. 


Partial auriculoventricular block not due to digitalis administration 
was encountered only once. 

The cardiac reserve at the time of the discovery of the bundle branch 
block was arbitrarily divided into three classifications: “good,” “fair,” 
and “poor.” The last was used for patients who had symptoms of 
cardiac insufficiency while at rest in bed or on very slight exertion. The 
first was used to signify a response to physical activity not incompatible 
with the patient’s age, though a few patients with mild angina on mod- 
erately severe exertion were included in this group. The term “fair” 
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was applied to those whose cardiac reserve appeared to be between 
“good” and “poor.” Tims classified, the cardiac reserve was found to 
he “good” in 17 cases, “fair” in 22, and “poor” in 1L With the single 
exception of one patient who was living S years after the first visit, all 
of the patients with poor cardiac reserve died within 3 years. 

Cardiac enlargement, as determined fluoroscopieally and tclcorocnt- 
genographically, was absent in 10 cases, and present in varying degrees 
in others. Among those patients classified as having a “good” cardiac 
reserve, the heart was not enlarged in 7, slightly enlarged in S, and 
moderately enlarged in 2 (both rheumatic cases). Of those with “poor” 
cardiac reserve, 2 had slight, 4 moderate, and 5 had marked cardiac en- 
largement. 



Fig:. 2. — Average duration from discovery of bundle branch block until last seen. 



AGE 3o-Vo t 7o-5o 50-60 60-70 7 0~Fo 80-?0 


Fig. 3. — Average duration In different age groups from discovery of bundle branch 

block until last seen. 


Prognosis . — As is shown in Fig. 2, the average period of survival 
from the time of discovery of the bundle conduction defect until last 
seen is 5 years, 3.2 years for those who have died and 8.2 years for those 
still living. In Fig. 3 the ages are divided into decades, and the number 
of eases and average survival periods recorded in each. This shows that 
the average duration of life is longer among the younger patients. The 
fact that it happens to be greater in those between 40 and 50 than in 
those between 30 and 40 is probably not significant in view of the small 
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number of cases in these groups. Twenty-one patients, or 42 per cent, 
in our series are living ; twenty-nine, or 58 per cent, are cleacl. The high- 
est mortality occurred in the first 4 years after the discovery of the 
lesion. Thirty per cent of the deaths occurred in the first year, 15 per 
cent in the second, 10 per cent in the third, and 8 per cent in the fourth, 
making a total of 63 per cent within the first four years. In the remain- 
ing patients who survived this four-year period the relative mortality 
decreased progressively, and with each year of survival the total life 
expectancy increased. Generalizing from these data then, the life ex- 
pectancy of any patient with bundle branch block, other factors being 
equal, increases progressively with each year of survival. 

Unusual Cases . — Three cases of transient, recurrent, complete bundle 
branch block are included in our series. In a case previously reported, 12 
a man of 64 years with arteriosclerotic heart disease was found to 
have transient bundle branch block 7 years ago. The transient recur- 
rent nature of the lesion was observed for 3 years. For the past 4 
years the block has apparently remained permanent. He continues well 
and active, without cardiac symptoms. 

Another patient, a man of 60 years with anginal symptoms, who had 
a normal electrocardiogram in November, 1935, was found to have 
bundle branch block in August, 1936. Three months later he had a small 
coronary occlusion, but the bundle branch block was not observed again, 
although numerous electrocardiograms were taken, until January, 1937. 
It was observed again in March, 1937, and has been present oh 4 subse- 
quent occasions. He still has slight angina on exertion, but has had no 
progression of symptoms since the discovery of the bundle branch block. 

The third case of transient bundle branch block occurred in a 58-year- 
old man with chronic rheumatic heart disease and paroxysmal auricular 
fibrillation who had had electrocardiograms frequently since 1934; liis 
right bundle branch block was first discovered in January and February, 
1936. In January, 1937, he had coronary occlusion, but the bundle 
branch block did not reappear until January, 1938; since then it has 
been present in all electrocardiograms, taken at monthly intervals. He 
has cardiac cirrhosis, persistent recurrent ascites, and edema, and his 
condition has been growing progressively worse. Despite this, he still 
manages to get to his office several days a week. 

Five patients, two men and three women, who have been followed an 
unusually long time, are included in the present series ; all of them are 
still living. One is a man now SO years old, whose bundle branch block 
was first discovered 17 years ago, at the age of 63, when he came to the 
office complaining of palpitation and nervousness. Though he has not been 
seen recently, he is reported to be well and reasonably active for his age. 
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An other is a woman wlio was 61 when her bundle branch block was first 
discovered IS years ago. At that time she had paroxysmal auricular 
fibrillation, which became chronic 12 years later. She also developed 
mild diabetes and osteoarthritis. In a letter from her local doctor en- 
closing a recent electrocardiogram, he states that she has no cardiac 
symptoms, but is considerably incapacitated from a combination of old 
age, diabetes, and arthritis. 

The third case 13 was that of a woman whose bundle branch block was 
discovered 18 years ago at the age of 47. She has had slight dyspnea on 
exertion which has progressed very little during the past 18 years. She 
was seen two months ago. She continues to be active without any sig- 
nificant increase in cardiac symptoms. 

The fourth case occurred in a young man with chronic inactive rheu- 
matic heart disease and mitral stenosis whose bundle branch block was 
first discovered at the age of 26, 19.5 years ago. He is still active and 
reasonably well, despite fairly marked cardiac enlargement. 

The fifth case, in which the duration was longest of all, was that of 
a woman whose bundle branch block was first disclosed at the age of 52, 
20 years ago. Her chief complaint at that time was of a sharp pain in 
her chest and back more suggestive of ncuritic than of cardiac oi'igin. 
The finding of bundle branch block was quite unexpected. She was then 
lost sight of, but has been located recently and found to be well and 
active, without cardiac symptoms at the age of 72. 

DISCUSSION 

In comparing the present series with the 890 cases collected from the 
literature in which the patients were followed, it is apparent that there 
is a significant difference in prognosis between the two groups. This is 
illustrated in Tables II and III. In Table II the average survival period 
in these 890 cases is compared with the corresponding data in the present 
series. The figure of 8 years 2 months for the average duration of life 
in our living patients is somewhat distorted by the 5 cases in which the 
bundle branch block was of unusual duration, mentioned above. When 
these are omitted, the average is 5 years 1 month, still almost twice that 
in the 890 previously reported cases. Table III compares the individual 
survival periods in our cases and in those of three of the most optimistic 
reports in the literature (Campbell and Turkington, 7 Salcedo-Salgar 
and White, 11 and Wood and his associates 8 ). The longest follow-up 
study previously reported is that of the patient reported to be living and 
well 14 years after the discovery of the bundle branch block. 

In Salcedo-Salgar and White’s 11 series of 157 cases, 21 patients sur- 
vived 4 years or more, as compared with 23 for the same period in the 
present series of 50 cases. 
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Table II 

Present Series Compared to Cases From tiie Literature With Relationship to 
Per Cent of Patients Living and Dead and Survival Periods 
in These Two Groups 



total number 

OF PATIENTS 

FOLLOWED 

1 DEAD 

| LIVING 

NO. 

PER 

CENT 

AVERAGE 

DURATION OF 

LIFE AFTER 

BBB 

DISCOVERED 

NO. 

PER 

CENT 

AVERAGE 

DURATION OF 

LIFE AFTER 

BBB 

DISCOVERED 

Cases from the 

S90 

560 

63 

1 yr. 



2 yr. 10 mo. 

literature 








Present series 

50 

29 

5S 

3 yr. 2 mo. 



S yr. 2 mo. 


Table III 


Comparison of Survival Periods in Our Cases (Including Patients Both Living 
and Dead) With Those in the Cases of Three of the Most Optimistic 
Reports in the Literature 


SALCEDO-SALGAR, 

WHITE 

CAMPBELL- 
TURKIN GTON 

WOOD, 

ET AL. 

BISHOP, JR. 
CARDEN 

YR. 

NUMBER 

PER CENT 

NUMBER 

PER CENT 

NUMBER 

PER CENT 

NUMBER 

PER CENT 

Less than 

6S 

43 

22 

44 


IS 

3 

6 

1 year 









1 

29 

18 

11 

22 


MW 

12 

24 

2 

18 

11 

4 

8 

Bl 

IB 

8 

16 

3 

19 

12 

5 

10 

! 9 


4 

S 

4 

2 

1 


| 


Kfl 

5 

10 

5 

10 

6 

2 

4 



1 

2 

6 

o 

o 

2 




2 

3 

6 

7 



1 

2 


4 

1 

2 

S 

4 

3 





2 

4 

9 

2 

1 

4 

S 



1 

2 

10 







2 

4 

11 

2 

1 



1 

2 

1 

2 

12 







2 

4 

13 



1 

2 





14 









15 









16 









17 







1 

2 

18 







2 

4 

19 







i 

2 

20 







i 

2 

Total 

157 


50 


54 


50 



CONCLUSIONS 

Bundle branch block, partial or complete, is not in itself indicative 
of severe heart disease, nor of a poor prognosis. The character and de- 
gree of attendant heart disease are the principal factor in determining 
prognosis, and not the presence or absence of bundle branch block. 
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THE ROLE OF THE TREATMENT OF SYPHILIS IN THE 
PREVENTION OF CARDIOVASCULAR INVOLVEMENT* 


William Paul Thompson, M.D., Los Angeles, Calif., 
Wilfrid J. Comeau, M.D., and Paul D. White, M.D., 

Boston, Mass.! 

T HE importance of the prevention of syphilitic aortitis, together with 
the present national interest in the subject of syphilis both among 
laymen and the members of the medical profession, has made it desirable 
to attempt a statistical evaluation of antisyphilitic therapy in relation 
to the later development of cardiovascular involvement. It is the gen- 
eral impression in some localities that cardiovascular syphilis is much 
less common today than it was two or three decades ago. There are two 
probable reasons for this. The first is that in cases of aortic regurgita- 
tion of uncertain etiology, rheumatic rather than syphilitic involvement 
of the aortic valve is now considered the more likely, whereas formerly 
the reverse was usually true; this is especially so in communities where 
rheumatic heart disease is common. The second reason is the wider 
application of more effective treatment, which has doubtless been the 
primary factor in reducing the incidence of the late and serious mani- 
festations of syphilis. To our knowledge, however, such statements as 
the last are based almost entirely on clinical impressions without the 
factual support of adequate data. The present study of 260 individuals 
who contracted syphilis fifteen to twenty-five years ago is an early at- 
tempt to supply more concrete information on the relationship of the 
amount of early antisyphilitic therapy to the incidence of cardiovascular 
involvement. 

The limitations of such a study as this are not readily apparent. It 
would appear, as it did to us originally, that modern methods of anti- 
syphilitic therapy have been in use long enough to establish their value 
in the prevention of cardiovascular involvement. Actually, however, 
adequate antisyphilitic therapy in the light of our present concepts was 
not practiced until about 1920 and, even then, almost entirely in special 
clinics or by sypliilologists. This is clearly indicated in Tables III and 
IV, which show that early treatment was far better in those individuals 
who had their primary syphilis less than twenty years ago than in those 
infected before that. The reason for this becomes clear when the follow- 
ing facts are considered. Arsenic, the most efficacious of the anti- 
syphilitic drugs, was not introduced by Ehrlich and Hata until 1910, 
and the development of a clear understanding of its proper use occupied 

•From the Cardiac and Luetic Clinics of the Massachusetts General Hospital, and 
the Luetic Clinic of the Boston Dispensary, Boston. 

tWith the cooperation of John MacMillan, M.D., Wellford C. Heed, M.D., Samuel 
Kusliman, M.D., N. Bowman Wise, M.D., Francis M. Thurmon, M.D., and Austin JV 
Cheever, M.D. 
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the greater part of the next, decade. Bismuth, which is at. present next 
in importance, did not come into wide usage until aflei 3 •!*-•>. 3 nit ici 
more, most of the individuals were 1 rented originally by local physicians 
whose understanding of the diagnosis and proper treatment of early 
syphilis was inadequate in most instances. Another difficulty, which the 
present national campaign should remedy, is the tact that the signifi- 
cance of the early lesions of syphilis is just now being appreciated l.v 
laymen. Our experience with the present group showed dearly that 
most of the individuals were unconcerned by early syphilitic man i test a - 
tions for which the majority of young people of today would seek medi- 
cal attention. Because of this it is very difficult to assemble a group, 
even as small as the present one, of patients with a definite history of 
early syphilis and anything approaching satisfactory treatment. More 
years must elapse before it will lie possible 1o follow tip the late results 
(fifteen to twenty-five years after infection) of the mUquaU early 
treatment of syphilis. 


MATimu, .\ n t > mi:ti ton 


£th cliov of ('lists. — The cn*-e« 1 1 S * ’ < t for thi- study xxore j-vicoted from the records 
of the Massachusetts General Hospital and the Huston Pir-p'-m-ary.’' there were 
two criteria, for the selection of oaeh patient: first, n definite history of piimaiy 
syphilis dating tiack fifteen to twenty-five years, and second, adequate personal 
knowledge of early treatment if such information wa« not already nvaihdde from 
hospital records. Tile presence or rib-onco of a prexom*- diagnosis of cardiovascular 
syphilis playcil no part in selection. A minimum of fifteen years was taken bocaiis* 
it is known that cardiovascular syphilis becomes manifest in many ease- by that 
time. A maximum of twenty-five years was chosen because nnlisyphiUtie therapy 
previous to that time was very inadequate n« judged by present standards. We 
have followed up and re-examined 2t>0 individuals in whom the date of the primary 
syphilis and the early and late specific treatment are known and who form an tin- 
selected group with respect to their present clinical condition. 

Method of Examination. — In each radix i. Inal a detailed history of the primary 
lesion and treatment, together with a cardiovascular history, was taken, and physical 
and fluoroscopic, examinations were carried out. Particular attention was given to 
the aorta, which was examined with the aid of barium in the e-ophrigns. An 
orthodiagram was made in each instance. Xn measurement of the aorta was at- 
tempted since there exists no truly reliable method to distinguish between abnormal 
and normal aortic, size unless a gross abnormality is present. I’ndor such condi- 
tions aortic dilatation would be readily recognizable without resort to mensuration, 
i hus the size of the aorta in this study is based entirely on our fluoroscopic im- 
pression of its size. Pontine electrocardiograms were not taken; they are rarely 
abnormal except in eases showing easily diagimsahle cardiovascular syphilis. 


Diagnosis and Groujnng of Gases . — Much has been written about th(' 
diagnosis of cardiovascular syphilis. Its recognition in the advanced 
singes is not, usually difficult. The criteria for the diagnosis of at rig 
cardiovascular syphilis, however, vary with different writers on the sub- 
jeet- P erhaps the most generally accepted criteria for the diagnosis of 

of the 
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uncomplicated aortitis (without aneurysm or aortic regurgitation) are 
those published by Moore 1 and the Cooperative Clinical Group. 2 We are 
convinced, however, that uncomplicated syphilitic aortitis cannot be 
diagnosed with any degree of certainty unless definite dilatation of the 
aorta can be shown roentgenologically. A tambour aortic second sound 
and increased retromanubrial dullness are unreliable signs, in our ex- 
perience. Furthermore, circulatory embarrassment, progressive cardiac 
failure, and paroxysmal dyspnea do not occur in syphilitic aortitis ex- 
cept when there is aortic regurgitation or marked narrowing of the 
coronary orifices; in such instances gross dilatation of the aorta and 
cardiac enlargement are almost certain to be present. Syphilitic myo- 
carditis as a cause of heart failure is very rare, and angina pectoris in 
syphilitic heart disease is relatively uncommon. The cardiac functional 
criteria suggested by Moore and the Cooperative Group are far more 
likely to be the result of degenerative heart disease in a syphilitic patient 
than due to uncomplicated syphilitic aortitis. 

We 3 are convinced that a positive diagnosis of cardiovascular syphilis 
can be made only when at least one of the following findings is present : 
(1) a saccular aneurysm of the aorta or innominate artery, (2) aortic 
regurgitation appearing for the first time in a middle-aged person with 
a positive serologic reaction for syphilis, or (3) a diffusely dilated aorta 
without aortic regurgitation or hypertension, past or present. Uncom- 
plicated syphilitic aortitis can be detected only by means of roentgeno- 
logic studies, and we agree with the conservative roentgenologic attitude 
of Steel. 4 Those experienced in the roentgenologic examination of the 
heart are aware of the difficulty in discerning slight and at times even 
moderate degrees of aortic dilatation and, particularly, in ascribing it 
to syphilis when such possible factors as hypertension and arteriosclerosis 
are present. Consequently we feel that a positive clinical diagnosis of 
early cardiovascular syphilis is practically impossible. 

In view of the above considerations we have divided our material into 
four clinical groups. First, there is a group with normal hearts without 
dilatation of the aorta. Varying degrees of aortic tortuosity were pres- 
ent in some of the older individuals in this group, but this finding per se 
is not to be considered as evidence of cardiovascular syphilis. Second, 
individuals showing questionable aortic dilatation are so classified im- 
plying the possibility but improbability of syphilitic involvement. 
There are two reasons for our hesitancy about this group : (1) the 
difficulty in actually determining slight increases in aortic size roent- 
genologically, and (2) the fact that slight dilatation of the aorta is 
not uncommon in individuals of this age, particularly when arterio- 
sclerosis is present. Third, individuals with moderate aortic dilatation 
are classified as having probable aortitis; we do not think sufficient dila- 
tation is present in these cases to be absolutely diagnostic of syphilitic 
aortitis. And fourth, there is a group with a diagnosis of definite cardio- 
vascular syphilis, made on the basis of the criteria stated above. 
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Criteria of Treatment. — In view ol the diversity of the type, duration, 
and continuity of treatment in these cases it was difficult to establish 
criteria which were satisfactory and at the same time sufficiently simple 
to be applied to a study of this nature. We classified as early treatment 
any medication given during the first five years after the initial infection. 
Late treatment was considered to be all medication between six and 
fifteen years after infection. Treatment beyond fifteen years was not 
analyzed because we felt that it would not prevent cardiovascular in- 
volvement. In view of the fact that antisyphilitic medication other than 
arsenic and heavy metals given parent orally is relatively ineffective, no 
established our criteria entirely on the basis of the dosage of arsenic and 
heavy metals administered by injection. It was not practical to sub- 
divide the types of heavy metal or arsenical preparations. Table I shows 
the six grades of treatment which we established and t he manner in 
which they arc condensed for simplification of discussion. The figures 
indicate the total number of injections received during each period of 
treatment (early and late). 

Table I 


Number and Kind of Injections Given in Each Grade of Treatment 


GRADE of treatment 

NUMBER 

OF INJECTIONS 

ARSENIC 

BISMUTH OR MERCURY 

°j 

I fVerv poor 

0 

0- c 

anil 

0 

0-10 

II J 

7-12 

aiul 

31 plus 

III Poor 

13-30 

and 

15 plus 


20 - 20 

and 

20 plus 

30 plus 

and 



ANALYSIS OP DATA 

Among the 260 individuals were 19 who had heart disease of other 
than syphilitic etiology. It was considered advisable to avoid all com- 
plicating factors, so these were eliminated from the analysis. Table II 
shows the present cardiovascular status of the remaining 241 patients, 
who are subdivided according to the time that has elapsed since the 
initial infection and according to sex. Except for one negro who proved 
to have cardiovascular syphilis, all of our group were white. The males 
piedominated by a ratio of 5 to 1, with 200 men and 41 women. 

It is of interest that 90 per cent of the individuals escaped without 
clinically detectable cardiovascular syphilis. Doubtless some of the pa- 
tients classified as having normal aortas or questionable aortic dilatation 
have a slight degree of s.yp3ulitic aortitis which it was not possible to diag- 
nose. This is particularly likely in the light of the pathologic studies of 
Danger, < Guldberg, 0 and War thin, 7 which indicate that 55 to 86 per cent 
of syphilitic individuals have microscopic or gross evidence of cardio- 
vascular involvement, although it may not be of any clinical importance. 
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Table II 

Distribution of Cases With Respect to Present Cardiovascular Status 

and to Sex 


PRESENT CARDIOVASCULAR STATUS 
AND TIME ELAPSING SINCE 
INFECTION 

MALES 

FEMALES 

TOTAL 

PERCENT* 

OF 

TOTAL 

Normal hearts and aortas 





15-19 years, inclusive 

75 

is 

93 


20-25 years 

| S2 

15 

97 


Total 15-25 years 

157 

33 

190 

so% 

Questionable aortic dilatation 





15-19 years, inclusive 

S 

3 

11 


20-25 years 

11 

3 

14 


Total 15-25 years 

19 

6 

25 

10% 

Probable aortitis 





15-19 years, inclusive 

3 

2 

5 


20-25 years 

3 

0 

3 


Total 15-25 years 

6 

2 

S 

3% 

Definite cardiovascular syphilis 





15-19 years, inclusive 

5 

0 

5 


20-25 years 

13 

0 

13 


Total 15-25 years 

IS 

0 

IS 

7% 

Grand totals 

200 

41 

241 

100% 


''Percentages in this and the following tables are expressed to the nearest whole 
number. 


Our figures are quite similar to those of Bruusgaard 8 and Turner 9 
with respect to the incidence of cardiovascular involvement. The former 
found that 10 per cent of 473 untreated syphilitics examined ten to 
thirty years after the primary infection had cardiovascular syphilis, 
while Turner’s 9 statistical survey of 6000 syphilitics shows an incidence 
of 7.2 per cent in white individuals (10.1 per cent when negroes were 
included). By combining- our probable (3 per cent) and definite (7 per 
cent) eases of aortic syphilis, we find an incidence of 10 per cent. 
(Among our eighteen patients with definite cardiovascular syphilis there 
were seven with saccular aneurysms, one of whom had aortic regurgita- 
tion, and eleven with diffusely dilated aortas, of whom seven had aortic 
regurgitation.) It is probably safe to say that no more than 10 per cent 
of white syphilitics, whether treated or not, will develop clinical evidence 
of cardiovascular syphilis. 

Tables III and IV show the pertinent facts regarding the amount 
of early treatment received by the 241 patients. Inspection of these 
tables shows that there was very little difference in the amount of treat- 
ment received by the individuals who now have normal aortas, question- 
able aortic dilatation, and probable aortitis, but the eighteen patients with 
definite cardiovascular syphilis without exception received “very poor” 
or “poor” treatment during the first five years following their infec- 
tions. Six of the eight patients designated as cases of probable aortitis 
had very poor early treatment. 

It is of interest that the two patients with probable aortitis who re- 
ceived “fair” early treatment were adequately treated, theoretically, 
since therapy was begun in the early stages of the disease and continued 
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Table III 


Distribution 


of Cases With 10:si>ect to Grape 


of Early Treatment 


PRESENT CARDIOVASCULAR 



EARLY TREAT M ENT 
(TOTAL DURING 0-5 YEARS) 

1 

TOTAL 

STATUS AND TIME ELAPSING 
SINCE INFECTION 

VERY POOR j 

POOR 

FAIR ] 

0 

1* 

II 

hi 

IV 

V 


Normal hearts and aortas 




15 

0 

20 


15-10 vears, inclusive 

21 

12 

10 


20-25 years 

30 

24 

20 

11 


4 

100 

Total 15-25 years 

57 

30 

30 

20 

8 

24 

Questionable aortic dilata- 
tion 

15-10 vears, inclusive 

0 

4 

o 

o 
• > 

1 

1 


20-25 years 

6 

3 

Q 

3 

0 

0 


Total 15-25 years 

6 

7 

4 

0 

3 

1 

25 

Probable aortitis 




0 

0 



15-10 years, inclusive 

1 

o 

0 



20-25 years 

0 

i 

o 

0 

0 

0 


Total 15-25 years 

1 

3 

o 

0 

0 

o 

s 

Definite cardiovascular 
syphilis 

15-10 vears, inclusive 

o 

2 

0 

■ 

0 

0 


20-25 years 

8 

4 

1 

0 

0 

0 


Total 15-25 years 

10 

0 

1 

1 

0 

0 

IS 

Grand totals 

74 


•to 

33 

0 

27 

241 


'Roman numerals indicate the grades of treatment received : sec Table I. 


Table IV 

Distribution of Cases With Respect to Grape of Early Treatment 

(Grades of Treatment Shown in Table III Are Combined Into Very Poor, 

Poor, and Fair) 


PRESENT CARDIOVASCULAR 


EARLY TREATM ENT 


STATUS AND TIME ELAPSING 
SINCE INFECTION 

very rooii 

O, I AND 11 

POOR 

III 

FAIR 

IV AND V 

Normal hearts and aortas 

15-10 years, inclusive 

20-25 years 

Total 15-25 years 

52 ( 50%) 

SO ( S3%) 

15 (10%) 

11 (11%) 

20 (28%) 

6 ( 0%) 

132 ( 09%) 

20 (14%) 

32 (17%) 

Questionable aortic dilatation 
15-10 years, inclusive 

20-25 years 

Total 15-25 years 

0 ( 55%) 

11 ( 79%) 

3 (27%) 

3 (21%) 

2 (18%) 

0 

17 ( 67%) 

0 (24%) 

2 ( 9%>) 

Probable aortitis 

15-10 years, inclusive 

20-25 years 

Total 15-25 years 

3 ( 00%) 

3 (100%) 

0 

0 

2 (40%) 

0 

0 ( 75%) 

0 

2 (25%) 

Definite cardiovascular syphilis 
15-19 years, inclusive 

20-25 years 

Total 15-25 years 

4 ( 80%) 

13 (100%) 

1 (20%) 

0 

0 

0 

17 ( 94%) 

1 ( 0%) 


Grand totals 

172 ( 71%) 

33 (14%) 

1 36 (15%) 
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for the first two years after tile initial infection. The treatment in these 
two eases is inconsistent with the uniformly “very poor” and “poor” 
treatment received by all other patients in the series who now have prob- 
able or definite aortitis. Because these two patients had aortic dilatation 
without definite aneurysm or aortic regurgitation, and because the treat- 
ment received is at variance with that in the other cases of probable or 
definite syphilitic aortitis, we may not be entirely justified in regarding 
their findings as indicative of probable aortitis: The inconsistency in 
these two cases offers further support of our conservative attitude in 
adhering to strict criteria for the clinical diagnosis of cardiovascular 
syphilis. 

Of the entire group, 17S individuals received “very poor” late treat- 
ment (six to fifteen years after infection), while sixty -three subjects 
availed themselves of more adequate therapy. Table V shows that 
“fair” late therapy was given to most of these sixty -three individuals 
but that only one in each of the groups of patients who now have prob- 
able and definite cardiovascular syphilis received late treatment ap- 
proaching an adequate amount. In both of these cases treatment was 
not started until ten years after the initial infection; its value in pre- 
venting cardiovascular involvement is therefore questionable. 

Table V 


Distribution of Cases With Besfect to Grade of Late Treatment* 


PRESENT CARDIOVASCULAR 

TOTAL 

GRADE OF LATE TREATMENT 

STATUS AND GRADE OF 

NUMBER 

VERY POOR | 

POOR ! 

FAIR 

EARLY TREATMENT 

OF CASES 

0, I AND II 

Ill 

IV AND V 

Normal hearts and aortas 





Very poor 

132 

94 

1 

37 

Poor 

26 

21 

3 

2 

Pair 

| 32 

20 

0 

12 

Total 

190 

135 

4 

51 

Questionable aortic dilatation 

1 




Very poor 

17 

12 

1 

4 

Poor 

G 

5 

1 

0 

Pair 

2 

2 

0 

0 

Total 

25 

19 

2 

4 

Probable aortitis 





Very poor 

6 

5 

0 

1 

Poor 

0 

0 

0 

0 

Pair 

2 

2 

0 

0 

Total 

8 

7 

0 

1 

Definite cardiovascular syphilis 

1 




Very poor 

17 

16 

0 

1 

Poor 

• 1 

1 

0 

0 

Pair 

0 

0 

0 

0 

Total 

IS 

17 

0 

1 

Grand totals 

241 

17S 

6 

57 


♦Late treatment is herein defined as treatment given after the first five years and 
through the fifteenth year following the initial infection. 


"With so few cases of syphilitic aortitis as there are in our series and 
the generally poor treatment received by nearly all individuals it is diffi- 
cult to evaluate with certainty the effect of treatment in preventing 
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aortitis. Wc must content ourselves with the observation that all of our 
patients with definite aortitis and three-fourths of those with probable 
aortitis had inadequate treatment during the first five years after in- 
fection, and that only one patient with definite aortitis and one with 
probable aortitis had' treatment of any consequence during the follow- 
ing decade. 

SUMMARY 

The data on 260 individuals who contracted syphilis fifteen to twenty- 
five years before this study was made were analyzed in detail with re- 
spect. to the present cardiovascular status of the subjects and the rela- 
tionship of treatment thereto. Of these, 19 individuals had heart dis- 
ease of other than syphilitic etiology and were eliminated from the 
analysis. Of the remaining 241 patients, 18 (7 per cent) had definite 
cardiovascular syphilis and 8 (3 per cent) had probable aortitis. In 
190 subjects (80 per cent) the heart and aorta were normal, while 25 
(10 per cent) had questionable dilatation of the aorta. Our results agree 
with those of certain other observers in regard 1o the incidence of cardio- 
vascular syphilis, for we found an incidence of 10 per cent. (3 per cent 
probable aortitis and 7 per cent definite cardiovascular syphilis). The 
grade of treatment showed little difference in the clinical groups except 
for individuals with definite cardiovascular syphilis. All of these had 
inadequate early treatment and in all but one instance the late treatment 
was no better. There was only one negro in our entire group. 

The data accumulated in this study, although necessarily unsatis- 
factory in certain respects, give some support to our clinical impression 
that adequate treatment of syphilis tends to prevent the later clinical 
manifestations of cardiovascular syphilis. Our material should be useful 
as a basis for comparison in future studies which should be made when 
time and education have eliminated many of the present difficulties in 
attempting such an analysis. 

We wish to express our gratitude to Miss Marguerite Flood, of the Social Service 
Department of the Massachusetts General Hospital, for her cooperation and in- 
valuable help in this study. 
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THE EFFECT OF CERTAIN PURE DIGITALIS-LIKE 
GLUCOSIDES ON THE FROG’S HEART 

A. Garrard ]\Li.cleod, M.D. 

New York, N. Y. 

I N 1915, Cohn, Fraser, and Jamieson 1 described the characteristic effects 
of digitalis on the T-wave of the human electrocardiogram, and 
recommended the observation of these effects as a means of following the 
action of the drug in patients. The method has been applied extensively 
ever since in clinical medicine. It is surprising, therefore, that similar 
methods have been so little used in animals. Since the studies of such 
investigators as Straub, 2 practically no attention has been paid to 
changes in the form of the electrogram or electrocardiogram of animals 
under the influence of the drugs of the digitalis group. Lewis and his 
collaborators 3 and Love 4 used electrical records in investigating their 
effect on the refractory period of the heart, but did not study alterations 
in the form of the curves. 

Since the researches of Dr. W. A. Jacobs and his collaborators 5 ’ 5a into 
the chemical constitution of certain digitalis-like glucosides have made 
available quantities of these substances in pure crystalline form, it 
seemed worth while to investigate their effect on cardiac action currents. 
Furthermore, the work of Craib, 0 Wilson, Macleod, and Barker 7 and 
Macleod 8 has made it possible to interpret electrograms rationally. A 
study of the effect of these pure glucosides on the frog’s electrogram 
should give, therefore, an insight into their effect on certain of the 
fundamental properties of heart muscle, and consequently make it pos- 
sible to understand more clearly the significance of the changes which 
they and similar substances produce in the human electrocardiogram. 

METHOD 

All of tlie experiments were performed on the Louisiana hull frog (liana 
catesbiana). The animals were pithed, care being taken to avoid loss of blood. 
The heart was exposed by removing the sternum and slitting the pericardium, but 
left in situ. Electrograms were recorded from the surface of the heart by the 
unipolar method described by Wilson, Macleod, and Barker.* The exploring elec- 
trode (tlio one in contact with the heart) consisted of a thread, moistened with 
saline solution, projecting from the end of a silver tube whose inner surface was 
coated with silver chloride. The indifferent electrode (the one at a distance from 
the heart) was a silver plate, 1 cm. by 5 cm., coated with silver chloride, and it 
was placed beneath the skin of the hind leg. Since the resistance of the exploring 
electrode was high, a one-stage direct current amplifier was used in conjunction 
with the string galvanometer. 

From the Hospital of the Rockefeller Institute for Medical Research, New York. 
Received for publication Aug-. 15, 1938. 
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During the experiment the thread projecting from the end of the silver tube was 
held in place by surface tension; it was sufficiently limber to follow the movements 
of the heart. In many experiments a cephalocaudal lead was also taken by placing- 
an electrode in contact with the larynx and pairing it with the indifferent electrode. 

When refractory periods were' measured, a neon tube stimulator was adjusted to 
deliver shocks at a rate slightly slower than the existing heart rate. The stimuli 
were delivered to the tissue by means of a platinum electrode, the terminals of 
which were placed astride the exploring electrode. This method of obtaining the 
record from the region stimulated was adopted because Drury and Loves have 
shown that an impulse arising just after the end of the refractory period may be 
conducted decrementally. A large deflection caused by the stimulus was recorded 
in the electrogram, but it did not interfere with the interpretation of the record 
nor endanger the string of the galvanometer. 

The drugs were dissolved in alcohol and diluted' to the proper strength with 
Howell’s solution. The dose usually used was 0.03 mg. per 100 gm. of frog. This 
was sufficient to produce profound effects and was often lethal in from one and 
one-half to three hours. All drugs were given intravenously into the lateral cutaneous 
vein. The total volume injected in this way never exceeded 1 c.c. 



vf ventrftular Ul accessiorf 1 deflectioix i0 (QRS)’ -T^ventricX 581011 de « ecti °" (T-wave"1 


. I has hf* customar y ia studying the effect of digitalis bodies to eliminate the 
influence of these substances on .the vagus mechanism by a previous administration 

In ^ 1° w f “°? ° f the experimellts here Ascribed this procedure was omitted. 

the tat place, it is generally agreed that in frogs the vagus nerves play no 
role m the action of these drugs and, secondly, it was found that atropine in Les 

ssrsr*. ? 4 

Antithesis the eh.ng. p^ced bj L^ ueos ite “fif 7 r T*" l “ 

szTj&zr-- - ith4 4 rr; 
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Fig. 2 . — The effect of cymarin on the ventricular electrogram. The exploring 
electrode was on the ventricle, almost at the A-V groove. Vs is the ventricular re- 
gression deflection. « was taken before the administration of the drug, b was taken 
12 minutes after a dose of 0.03 mg. of cymarin per 100 gm. of frog was injected into 
the lateral cutaneous vein, c was taken 20 minutes after the injection, cl was taken 
25 minutes after the first injection and 5 minutes after a second injection, e, J, a, ft, 
and i, were taken 30, 34, 49, 56 and 66 minutes, respectively, after the first injection. 


RESULTS 

The first effect of cymarin on the ventricular electrogram (Fig. 2b) 
is inversion and increase in amplitude of the regression deflection (T) 
and shortening of electrical systole (Q-T). Later (Fig. 2c), an up- 
ward phase makes its appearance. Still later, the amplitude of the 
downward phase decreases rapidly until only the upward deflection 
remains. The duration of the regression process (T) steadily decreases, 
meanwhile, until (Fig. 2h) it is almost as brief as QRS. The primary 
change brought about by cymarin is, therefore, shortening of the dura- 
tion of the T deflection, and consequently of electrical systole. As will 
be shown later, even the great inversion of T (Fig. 2b) can be explained 
as the result of shortening. Slight changes in amplitude occur in the 
QRS, but its duration is little affected. 

To be certain that true shortening of electrical systole occurs under 
the influence of this drug, an area on the surface of the ventricle was 
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Fig. 3. — The effect of cymarin on the monopliasic response, a is an electrogram 
recorded from the central part of the ventricle SO minutes after the injection of 0.03 
mg. of cymarin per 100 gm. of frog. The duration of electrical systole is greatly 
shortened, b is an electrogram taken from the same spot as a after burning the area 
with a hot wire. The curve was taken about 10 minutes after a. 


burned after an unequivocal effect was produced with cymarin, and a 
monopliasic response recorded (Fiji. 3b). The duration of electrical 
systole is essentially Hie same in the monopliasic curve as in the re- 
sponse obtained before injury (Fig. 3a). Both are short. 

In order to ascertain if a similar effect is produced in auricular mus- 
cle, the exploring electrode was placed on Ihc central part of the 
auricle. Since ventricular systole occurs before Ihc auricular electro- 
gram is complete, heart block was produced by Stannius' ligature. 
When auriculoventricular dissociation has been established, the ligature 



Fig. 4.— The effect of K-strophanthin-bcta upon the auricular electrogram. The 
exploring electrode was at the center of the anterior surface of the auricles. Heart 
block was produced fifteen minutes after the drug was injected. An is the auricular 
regression deflection, a is tiie first curve taken after heart block was produced, about 
IS minutes after the injection of the drug. Some shortening of electrical svstole has 
already taken place, b, c, it, were taken 35, 35, and 45 minutes, respectively, after 
the injection. v 
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may be released so that the force of the auricular contractions and the 
occasional ventricular beats will cause the circulation to continue even 
though it is greatly slowed. The effect of the drug in this ease is 
similar, though perhaps less striking, to that produced on the ventricle 
(Fig. 4) . In this case the drug used was K-strophanthin-beta. Cymarin 
acts similarly. The illustrations have been picked purposely from ex- 
periments with different drugs in order to emphasize their close similar- 
ity. 

Table I 



DURATION OF 

ELECTRICAL SYSTOLE 
(SECONDS) 

DURATION OF 

REFRACTORY PERIOD 
(SECONDS) 

Normal ventricle 

1.15 

1.04 

Before cymarin 

1.01 

0.9S 

After cymarin I* 

0.69 

0.48 

2 

0.54 


3 

0.37 

0.21 

4 

0.47 

0.34 

5 

0.53 

0.42 

6 

0.34 

0.2S 

7 

0.24 


8 

0.45 

0.35 

9 

0.41 

0.21 

10 

0.40 

0.22 


*Determination 1 was made about fifteen minutes after the administration of 
cymarin. The interval between the other determinations was about ten minutes. 


Table II 



DURATION OF 

ELECTRICAL SYSTOLE 
(SECONDS) 

DURATION OF 
REFRACTORY PERIOD 
(SECONDS) 

Auricle before cymarin 1 

0.77 

0.60 

2 

0.78 

0.61 

3 

o.so 

0.63 

Auricle after cymarin 1 

0.24 

0.21 

2 

0.27 

0.23 


It has long been thought that there is an association between the T 
deflection and the end of the refractory period (Mines, 10 De Boer, 11 
Wilson and Hermann 12 ). It seemed important to learn if this relation- 
ship persists when hearts are under the influence of these cardiac glu- 
cosides. The data in Table I indicate that it does. The first item is the 
average of a number of measurements of the duration of electrical sys- 
tole and of the refractory period in a normal ventricle. The remainder 
of the table gives the results obtained in a single experiment in which 
the durations of electrical systole and of the refractory period were ascer- 
tained from time to time after the administration of cymarin. The 
shortening of electrical systole by the drug is accompanied by a cor- 
responding shortening of the refractory period (Table I). In this ex- 
periment the shortening of the refractory period was much greater than 
that observed by Love 4 in the ventricle of a tortoise under the influence 
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of strophanthin, but the greater effect depends probably on the use of 
a proportionately larger dose. In the case of both electrical sj'stole and 
the refractory period, shortening is followed by slight lengthening and, 
in turn, by shortening. This cyclic variation was very often encoun- 
tered and frequently continued over quite long periods of time. Similar 
experiments on the auricle are more difficult to carry out, but the 
results are similar to those just described for the ventricle (Table II). 
In general, it may be said that the effect of the strophanthin glucosides 
on both auricles and ventricles is to shorten electrical s.ystole and the re- 
fractory period. 

Except for quantitative differences, the effects of the glucosides as- 
sayed (cymarin, K-strophanthin-beta, digitoxin, pcriplocymarin, and 
ouabain) were indistinguishable from each other. 



Fig. 5. — The effect of pcriplocymarin on conduction. The lead is from the larynx 
to the left hind leg. Ai, Vi, Ci, are respectively the auricular, ventricular and conal 
accession deflections, a was taken before the administration of the drug, b was taken 
2 minutes after 0.03 of pcriplocymarin per 100 gm. of frog. A-V and V-C intervals 
are slightly shortened, c was taken 10 minutes after injection. A-V and V-C intervals 
are lengthened, d was taken 50 minutes after injection ; partial V-C block is present, 
e was taken 73 minutes after injection ; both A-V and V-C block are present. 


In the later stages of their action, heart block was observed. The 
development first of ventriculoconal block and later of auriculoven- 
tricular block following the administration of pcriplocymarin is shown 
in Pig. 5. Sinoauricular block can also be observed late in an experi- 
ment after a large dose, but records showing this phenomenon, are dif- 
ficult to obtain because of the small amplitude of the sinus electrogram. 
Cushny 13 noted the development of sinoauricular block following the 
development of auriculoventricular block, but ventriculoconal block 
seems not to have been reported previously. This orderly development 
of block, first between conus and ventricle, then between ventricle and 
auricles, and finally between auricles and sinus, is of interest because 
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it may be another example of the greater vulnerability of structures 
which develop later phylogenetically. 

Occasionally rhythms suggesting auricular flutter or fibrillation oc- 
curred, especially when K-strophanthin-beta was given. These occurred 
at a time when the refractory period was short. Furthermore, in the 
process of studying the refractory period, multiple responses were often 
obtained to single early stimuli when the refractory period had been 
shortened by the administration of one of the drugs. This phenomenon 
was not observed in the normal heart. 

DISCUSSION 

In 1913, Clark and Mines, 14 in a preliminary communication, reported 
that they had found a reduction in the duration of electrical systole 
and of the refractory period of the perfused frog’s ventricle on the 
administration of strophanthin (probably on account of Mines’ un- 
timely death a fuller account of these observations was not published) . 
Nevertheless, since then little importance has been attached to the dura- 
tion of electrical systole. Recently, however, studies have appeared 
which indicate that in certain clinical conditions it is appreciably al- 
tered. Prolongation of the interval has been observed by White and 
Mudd 13 and Barker, Johnston, and Wilson 10 in conditions in which the 
calcium content of the blood is low. The opposite effect has been noticed 
by Cheer and Dieuaide, 17 who have demonstrated, by taking careful 
account of the variations in heart rate, a small but definite decrease in 
the Q-T interval following the administration of therapeutic doses of 
digitalis. Their results have recently been confirmed by Larsen, Neu- 
kirch, and Nielsen. 18 Observations on the refractory period of cardiac 
muscle under the influence of drugs are also not very numerous. It 
was originally held by Lewis and his collaborators that the refractory 
period of cardiac muscle was prolonged by strophanthin. Their observa- 
tions were made on dogs whose vagi had been inactivated by atropine. 
Later, Drury and Love 9 and Love 4 showed that in hearts under the in- 
fluence of veratrine, quinidine, or strophanthin, a stimulus falling just 
after the end of the absolutely refractory period gives rise to a response 
which may lie conducted decrementally and consequently may not be 
detectable at a distance from its point of origin. Consequently, refrac- 
tory periods ascertained by the use of older methods which judged the 
end of the refractory state by the first response that spread widely, 
rather than the first produced, may have been too long. Love 4 found 
that strophanthin actually shortened the refractory period of the ven- 
tricle of the tortoise. Lewis and Drury 19 have admitted the validity of 
this criticism of their earlier work, but maintain that what they had 
originally obtained was the “effective refractory period,” and that this, 
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rather than the true refractory period, was germane to their observa- 
tions on the effect of quinidinc and strophanthin on circus movement. 

From tiie data of the experiments reported here it is impossible to 
ascertain whether conduction with a decrement occurred. A single 
direct lead was usually taken in the manner described. There was al- 
ways a slight deformity of the electrograms caused by the stimulus when 
it fell at any time during the inscription of t lie curve. When a response 
was elicited a very definite modification of this artifact occurred, and a 
wave easily identified as T was apparent. T-waves under these circum- 
stances furnish an unequivocal eril.crion of a response. Usually, when 
the heart was under the influence of the drugs an early response was 
followed, furthermore, by a paroxysm of fibrillation which could not, 
of course, fail to be detectable even at a distance from the point stim- 
ulated. Whether the early responses not accompanied by fibrillation 
would have been detectable in an indirect lead cannot lie stated with 
certainty, for such a lead was not. taken. These responses were large 
in the direct lead, but deflections in such a lead arc, of course, largely 
produced by muscle very close to the exploring electrode. It is also 
possible, since early responses are smaller than later ones, that very 
early responses arc so small that they are concealed by the stimulus 
artifact. While it seems probable that the changes in the refractory 
period here observed were gross enough to have been detected by any 
method, the question whether the early responses were conducted decre- 
mentally cannot be determined definitely from these experiments. 

In a general way, the observations now recorded are in harmony with 
reports in the existing literature, although a true estimation of the value 
of these various results in establishing a generally accepted conception 
is difficult because the experiments have been performed on such a wide 
variety of subjects, from frogs to man. 

Larsen, Neukirch, and Nielsen 18 refer to the experiments of Wiggers and 
Stimson , 20 in which it was shown that digitalis and strophanthin shorten 
the isometric contraction and ejection phases when these are ascertained 
from curves of intraventricular and aortic pressures, as corroborating their 
own observation that these drugs shorten electrical systole. It is inad- 
visable to place too much stress upon this point, however, for knowledge 
of the relationship between mechanical and electrical responses of heart 
muscle is incomplete. While a close relationship undoubtedly exists be- 
tween the beginning of the two responses, their ends have not been 
shown to coincide. It is perhaps more correct to surmise that Wiggers’ 
results, taken in conjunction with the observations that electrical systole 
shortens under the influence of drugs of the digitalis group, indicate 
that mechanical and electrical systole under these circumstances vary 
in the same direction. This is an important relationship and more 
direct proof of its validity is highly desirable. That mechanical and 
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electrical systole do not always vary in the same way is indicated by 
the finding of Barker, Johnston, and Wilson 16 that the marked increase 
in duration of electrical systole resulting from hypocalcemia is not ac- 
companied by an increase in length of mechanical systole. Of the three 
entities, mechanical systole, electrical systole, and refractory period, the 
third appears to be closely linked to the second. The first may also be 
related to the second, but further evidence is necessary to establish to 
what extent and under what circumstances this correspondence can be 
relied upon. 

It is the effect of these drugs on mechanical systole that is important 
to learn in order to decide whether benefit results from their adminis- 
tration apart from slowing the heart rate. The alteration of the refrac- 
tory period is probably responsible for their well-known tendency to 
occasion auricular fibrillation and, in toxic doses, ventricular ectopic 
rhythms. It may also play a role in slowing the ventricular rate in 
auricular fibrillation. Changes in duration of electrical systole are im- 
portant principally in so far as they may be used to measure alterations 
in one or the other of the properties just mentioned (mechanical systole 
or refractory period). They also may serve as a useful indication that 
the drug has had an effect. 

Further, can the shortening of electrical systole which these drugs 
produce account for the changes in form (reduction in height or in- 
version of the T-wave) that have been observed by Cohn, Fraser, and 
Jamieson 1 and subsequent observers? It is possible that it can. The 
duration of activity differs, as is already known, in different parts of 
the heart. If it is shortened, it is not likely to be decreased precisely 
to the same extent in every region; for instance, it might be shortened 
most in muscle fibers in which it was initially longest. If this occurred, 
the order in which various regions pass out of the active state, and con- 
sequently the form of the T-wave, would be changed. The following- 
explanation, which accounts for the change in form of the T-wave be- 
tween Fig. 2a. and Fig. 2b, will make this point clearer. 

Before the administration of the drug, Fig. GA may represent sche- 
matically the state of affairs. The muscle at the base of the ventricle 
upon which the electrode rests is the last to pass out of the active state, 
and the boundary between active and resting muscle is retreating to- 
ward P. Consequently, P is negative, but the boundary eventually 
passes under P, and now, since the positive side of the boundary is 
nearer P, this in turn becomes positive. The state of positivity is brief, 
for P is near the A-V boundary. If, noAv, a drug is given which shortens 
the duration of electrical systole and affects the muscle at the base ahead 
of the muscle elsewhere (possibly because it is thinner), the muscle at 
the base will pass out of the active state first, and Fig. GB will represent 
the situation. The boundary will be retreating from P and conse- 
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quently render it positive throughout the period of regression. This 
explanation is intended to show only that shortening of electrical systole 
can change the form of the T-wavc. Further investigation is necessary 
before it can lie stated that the changes observed in electrocardiograms 
of patients treated with digitalis actually are produced in this way. 

A B 




Fig. C. — Diagram of frog’s heart to show change in course of the regression process 
resulting from local shortening in the duration of electrical systole. P is the point 
on which the electrode rests. The shaded region is the active muscle. 

Finally, the close association between the duration of electrical systole 
and the length of the refractory period confirms the concept of Mac- 
leod 8 that the T-wavc is produced by the recovery process. If this is 
true, the chief effect of these drugs is to hasten recovery. Recovery may 
not be so complete, however, as in the normal heart, for the QRS deflec- 
tion is usually reduced in amplitude. This may be caused by a reduc- 
tion in the potential difference between active and resting muscle, which 
in turn may indicate a reduction in the difference in their chemical and 
physical constitution. 


SUMMARY 

Certain glueosides of the digitalis group have been found to reduce 
the duration of electrical systole (Q-T) of both the auricles and ven- 
tricle of the frog. . The refractory period is shortened pari passu with 
this reduction of electrical systole. It was not possible to bring out any 
differences in the mode of action of the various glueosides tested by the 
methods used. 
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THE EFFECT OF ACETYL-BETA -METHYLCHOLINE ON 
THE FROG’S HEART 


A. E. Cohn, M.D., and A. G. Macleod, jM.D. 

New York, N. Y. 

T HE vagomimetic character of acetylcholine and closely related com- 
pounds has been demonstrated many times on many structures. In 
the heart the effect of vagus stimulation is quite complex. GaskelP 
pointed out four aspects of the effect to which Engelmanir has given 
names: first, a reduction of heart rate (chronotropic); second, a dimi- 
nution in the strength of contraction (inotropic); third, a decrease in 
the speed of impulse conduction (dromotropic) ; fourth, a. decrease in 
excitability to direct stimulation (bathmotropic). To these must be 
added two other effects, a diminution in the duration of the excited state 
as evidenced by a reduction in the duration of the electrical response, de- 
scribed by Mines , 3 and the production of aberrant auricular rhythms, 
described by Lewis 4 and Robinson . 5 

In the study of acetylcholine and its relatives only chronotropic and 
inotropic effects have received much attention. The dromotropic effect 
has often been observed but has not proved a useful criterion of the 
action either of the vagi or of acetylcholine. The bathmotropic effect 
seems to be confined to the frog’s heart and has not been much studied. 
Reduction in the duration of the electrical response and the production 
of ectopic rhythms, although highly characteristic of vagus stimulation, 
have scarcely been studied at all in connection with the action of acetyl- 
choline and its relatives. It is important, however, to know if the 
cholines produce these effects, particularly if the drugs are to be given 
clinically. Goldenbcrg and Rothberger® have shown that large doses of 
acetylcholine produce something akin to auricular fibrillation in mam- 
mals. Abnormal rhythms may, therefore, occur in patients. While 
intense vagus stimulation is required to induce aberrant rhythms, Fred- 
cricq 7 has recently shown that a single shock to the right vagus nerve 
of the turtle will cause shortening of electrical systole in the auricle 
for several cardiac cycles. If the cholines also produce this change it 
is possible that the cardiac effect, of the drugs can be observed and 
analyzed electrocardiographically. 


METHOD 

The experiments to be reported here were all performed on the Louisiana bull- 
frog {liana catesbiana ) at room temperature. The preparation and method of ob- 
taining electrograms were similar to those described by Macleods in his study of 
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the strophantliin glucosides. The heart was exposed and a unipolar direct lead 
taken from either auricle or ventricle simultaneously with a cephalocaudal lead. The 
method used for measuring the refractory period has also been described. 8 The 
test stimulus was applied to the point from which the direct lead was derived. 

The drugs were dissolved in Howell’s solution and injected into the lateral 
cutaneous vein. Acetyl-beta-metliyleholine (meeliolyl) was used in a concentra- 
tion of 0.01 mg. per cubic centimeter. As a rule, 0.1 c.c. of this solution was 
sufficient to bring on a marked effect in a large frog (300 to 400 gm.). The atropine 
solution used contained 1.0 mg. per cubic centimeter. One-tentli cubic centimeter 
of this solution would abolish the effect of acetyl-beta-niethyclioline in the amounts 
used for a period of approximately three hours. By itself, this amount of atropine 
had no effect on the electrogram. 



Fig-. 1. — Electrograms from frog’s auricle. The exploring electrode was near the 
center of the anterior surface, but closer to the A-V than to the S-A junction. 

a is the control before giving the drugs. Ai is the auricular accession deflection. 
A; is the final part of the auricular regression deflection. Before it is quite com- 
plete, Vi, the ventricular accession deflection, occurs. V: is the final part of ventricular 
regression deflection. C is the conal accession deflection. The conal regression deflec- 
tion is combined with V;. 1a is the duration of the electrical response (electrical 
systole) in the auricle, lv is the duration of electrical systole in the ventricle. 

b is about one minute after giving 0.1 c.c. of acetyl-beta-metliylcholine solution 
(0.01 mg./c.c.) intravenously. 

c shows a spontaneous auricular extrasystole A' during height of the drug’s action. 
d shows spontaneous auricular fibrillation, Ai A; the last regular auricular complex. 
A' S are aberrant complexes. 

c shows the return to the original state after administration of 0.01 c.c. of atropine 
solution (1 c.c. = 10 mg.). 


CURVE 

1a sec. 

lv SEC. 

A-V INTERVAL 

A-C INTERVAL 

a 

0.52 

0.72 

0.52 

0.50 

b 

0.37 

0.5S 

0.G6 

0.6 G 

c 

0.50 

0.75 

0.52 

0.52 
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RESULTS 

Following - the infection of 0.1 e.c. of acetyl-bet a-methyleholine solution 
the effect comes on quickly, often before the needle can be withdrawn. 
In some cases complete diastolic standstill occurs for a minute or more, 
in others merely marked bradycardia. With larger doses, periods of 
asystole of much greater length can be obtained. When an ectopic 
rhythm develops it usually occurs shortly after the period of most 
marked slowing. It is as a rule quite transient, but occasionally lasts 
for a considerable period of time (until the effect of the drug subsides). 
The maximum effect of the drug usually occurs within two minutes, and 
it passes off quite completely in about twenty minutes. Sinoauricular 
block often occurs but auriculovcntricular block is seldom seen. 

None of the electrograms showed dropped beats, but there was fre- 
quently moderate prolongation of the auriculovcntricular and vcntricu- 
loeonal intervals (Fig. lb). In this respect acctyl-bcta-methylcholine 
does not accurately imitate vagus stimulation, for stimulation strong 
enough to produce as marked sinus slowing as the drug produces would 
certainly cause a much higher degree of auriculovcntricular block. 

The most striking effect of the drug on the electrogram is shortening 
of the duration of the electrical process in each of the chambers. Some 
change in shape of the accession 0 deflection is usually seen, but the 
deflection is not shortened. The shortening of the electrical response 
is brought about entirely by the decreased duration of the regression 
(V 2 or T) deflection. 

The course of events in a typical experiment in which the exploring 
electrode was on the anterior surface of the auricle, near the center but 
somewhat closer to the auriculovcntricular junction than to the sino- 
auricular, will illustrate these changes (Fig. 1). Auricular (Fig. la, 
A x and A 2 ), ventricular (Y t and V 2 ), and conal (C) complexes can be 
made out. The drug was administered between the time of taking Fig. 
la and Fig. lb, and the administration was followed immediately by a 
period of asystole. Because of this period it is impossible to follow the 
early changes in the regression process, for the drug has meanwhile had 
time to exert its full effect, so that when spontaneous contraction is 
resumed the change in form of the curve is already fully developed. 

The auricular accession deflection (Fig. lb, AJ is somewhat changed 
in form and may be slightly increased in duration, but since its final 

'The frog’s electrogram is the composite of the electrograms of each of its four 
chambers, sinus, auricle, ventricle, ancl conus, which beat seriatim. Of these only the 
sinus produces effects too small to be detected in the records. The electrogram of each 
chamber consists, furthermore, of two parts, a rapid deflection accompanying the ac- 
cession of activity (the QRS of the human electrocardiogram) and a slower one ac- 
companying regression of activity (T-wave). In a curve of such complexity the usual 
electrocardiographic method of naming the parts of the curve is entirely "inadequate. 
In this paper, the terms accession and regression deflection will be used for the rapid 
and slow deflections, respectively, and will be modified by an adjective denoting their 
origin. This method of naming the parts of the curve was suggested by Macleod 0 
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portion is combined with the initial part of the regression deflection it 
cannot be accurately measured. This combination of the two deflections 
also contributes to the change in shape of the accession deflection. The 
regression deflection (A,) is greatly reduced in duration and increased 
in amplitude. This change is similar to that observed by Macleod 10 
under the influence of heat. 

In the case of the ventricle the accession deflection is decreased in 
size but is approximately of the same duration. But the terminal por- 
tion of the regression deflection (V 2 ) moves from a position to the right 
of the conus deflection (C) to a position between Y x and C, and in- 
creases conspicuously in amplitude. 

The conus complex is too small to be analyzed in these curves. Its 
regression deflection in this case cannot be made out. Under favorable 
conditions the complete complex can be seen, but the regression deflec- 
tion is usually combined with the final part of the ventricular regres- 
sion deflection or with the succeeding auricular complex. The effect of 
the drug on the conus seems, however, to be similar to its effect on the 
other chambers. 

Auricular extrasystoles develop (Fig. lc) and short periods of impure 
flutter or fibrillation (Fig. Id). All of these phenomena are transient. 
The curve returns to its original form promptly on the administration 
of atropine (Fig. le). 

It is sometimes possible to observe the changes in form of the curves 
as the effect of the drug progresses. In an experiment in which heart 
block had been produced by Stannius’s ligature so that the auricular 
complex could be seen undistorted, the accession deflection (Fig. 2b, 
following the administration changed little except to decrease some- 
what in size. The regression deflection at first becomes large and di- 
phasic (Fig. 2b). Then, wdiile retaining its diphasic character, it 
decreases in duration (Fig. 2c, d, e). In returning to its normal form 
as the effect of the drug wears off the curve does not follow a simple 
reverse course, but its final form is similar to the control. 

In the case of the ventricular complex the principal change in the 
early stages of the action of the drug is as a rule marked inversion of 
the regression process with great increase in amplitude (Fig. 3c). The 
early ventricular effects are not so constant as in the auricle, probably 
because of the more complicated way in which the impulse spreads over 
this chamber. The regression deflection almost always increases in mag- 
nitude but is sometimes upright instead of inverted (Fig. 1). 

The shortening of the duration of electrical systole suggests that the 
refractory period may be similarly shortened. Very accurate measure- 
ments are impossible when the effect of the drug is, as in this case, 
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transient, and the duration of electrical systole is almost constantly 
changing. By repeated trials it was possible, however, to obtain satis- 
factory estimates. Two experiments, one on an auricle and one on a 
ventricle, are summarized in Fig. 4. Tbe duration of the refractory 
period shortens pari passu with that of electrical systole, but is always 
somewhat shorter. 

In the process of ascertaining the length of the refractory period an 
early stimulus often gave rise to multiple responses or to paroxysms ot 
fibrillation or flutter (Fig. 5 a and b). Such responses rarely occurred 
in normal hearts but were almost universal when hearts were under the 



Fig. 2. — Electrograms from tlie center of the anterior surface of the frog’s auricle 
after auriculoventricular heart block was produced by Stannius’ ligature. The auric- 
ular complexes are seen by themselves. 

ft, before administering any drug U = 0.59 second 

b, 30 seconds after 0.1 c.c. of acetyl-beta-methylcholine solution 

(0.01 mg./c.c.) intravenously U = 0.53 second 

c, 1 i/j minutes after injection intravenously 1 a — 0.47 second 

d, 2% minutes after injection intravenously 1a = 0.40 second 

e, 15 minutes after injection intravenously 1a = 0.41 second 

/, 18 minutes after acetyl-beta-methylcholine and 30 seconds after 0.2 

c.c. of atropine solution (1.0 mg./c.c.) 1 A = 0.04 second 

!h 5 minutes after atropine injection 1a = 0.01 second 
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influence of acetyl-beta-methylcholine. Aberrant rhythms frequently 
occurred spontaneously in auricles (Fig. Id) while they were under the 
influence of the drug, but were observed in ventricles only following an 
early stimulus (Fig. 56). 



Fig. 3. — Electrograms from center of anterior surface of frog’s auricle similar to 
those in Fig. 1, but showing more typical changes in the ventricular regression deflec- 
tion Vs, but very slight change in conduction time. 0.2 c.c. of acetyl-beta-methyl- 
choline solution (0.01 mg./c.c. ) was injected intravenously between a and b. The 
letters denote the same entities as in the previous figure. 


CURVE j 

1a sec. 

lv SEC. 

A-V INTERVAL 

A-C INTERVAL 

a. control ' 

0.69 

1.00 

0.53 

0.56 

b. 9 seconds after injection 

0.66 

1.00 

0.58 

0.56 

c. 16 seconds after injection 

0.63 

0.95 

0.58 

0.58 

A. 21 seconds after injection 

0.61 

0.81 

0.61 

0.58 

e. 61 seconds after injection 

0.40 

0.40 

0.61 

0.60 


A few experiments were performed with acetylcholine instead of 
acetyl-beta-methylcholine. The results were identical except that a 
larger dose was required to produce the same effect. 

DISCUSSION 

Mines 11 described experiments on the effect of muscarine on frogs’ 
hearts. He found that the duration of electrical systole and the force 
of ventricular contraction were reduced, but that auriculoventricular 
conduction was little changed. Because of the close relationship be- 
tween muscarine, acetylcholine, and acetyl-beta-methylcholine, Mines ’s 
results and those reported in this paper may be considered corrobora- 
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Fig-. 4.— a. Graph of the effect of injecting 0.1 c.c. of aoetyl-beta-metliylclioline 
solution (0.01 mg./c.c.) intravenously on the duration of the electrical response and 
the refractory period of the frog’s ventricle. Curve A is the effect on the duration of 
the electrical response, and curve B the effect on the refractory period (the dotted 
portion of the curve is hypothetical). 

Ordinates are the duration of the process in seconds. 

Abscissas are the times after injection in minutes. 

b, The effect of injecting 0.15 c.c. of acetyl-beta-methylcholine on the auricle. 
Curve A is the duration of the electrical response and curve B the length of the 
refractory period. 





Fig:, o. — Fibrillation produced by a stimulus falling* shortly after the end of the absolute refractory period 
heart under the influence of acetyl-beta-methylcholine. 
a, fibrillation of the auricle ; Si and S2 are stimuli. 

o, fibrillation of the ventricle; Si S2 S3 are stimuli (this curve also shows the development of the effect on V2). 
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tory. i\Iincs noticed tliat muscarine did not occasion heart block. This 
observation has interest because this is the outstanding - regard in which 
a cetyl-beta -methylcholinc fails to imitate vagus stimulation. As is well 
known, stimulating the vagi almost invariably produces prolongation 
of the auriculoventricular interval and, indeed, frequently causes partial 
or complete dissociation. But in none of the experiments of the present 
study was there ever more than a. slight increase in the time of auriculo- 
vcntricular conduction. The failure of these drugs (cholines) to be 
vagomimetic in this respect when given intravenously may depend on 
anatomic peculiarities of the frog’s heart. Except the conus, no part 
of the frog’s heart, as Grant and Rcgnier 12 have shown, is supplied with 
arteries; following injection into t he blood stream, therefore, the drug 
readies the myocardium by simple diffusion. Since the auriculoventricu- 
lar bundle is embedded in tissue and is therefore removed from immedi- 
ate contact with the blood stream, it, is not. directly reached by drugs. 
The sinus, on the other hand, is a thin structure not much covered over, 
so that it is very quickly acted on and exhibits the earliest effect of the 
drug in the form of sinus brachycardia or asystole. It is possible that 
the failure of these drugs to produce heart block is caused, therefore, 
not by their inability to affect the auriculoventricular tissue, but by their 
failure to reach it. 

Heat, increase in rate of stimulation, and the drugs of the digitalis 
group 8 are also capable of shortening electrical systole and in some in- 
stances of producing aberrant rhythms. Since so many physiologic 
functions have already been ascribed to acetylcholine, the question 
arises: Do any or all of these agencies act through the instrumentality 
of this substance? In the case of heat it is unlikely that shortening of 
the regression process is anything other than acceleration of the chemical 
reactions which bring about recovery. The progressive decrease in the 
duration of electrical systole and the refractory period with increase 
in the rate of stimulation is an interesting phenomenon for which no 
satisfactory explanation has been offered. The phenomenon in many 
ways resembles the effect of acetylcholine, but differs from it in that it 
is not abolished or opposed by atropine. The shortening caused by the 
digitalis drugs is also not antagonized by atropine. Acetylcholine or a 
closely related compound does not therefore seem to play a role in any of 
these phenomena. 

In most of the experiments in this study the electrodes were arranged 
to record the events in both auricle and ventricle, and to bring out their 
time relationships rather than the form of the auricular electrogram. 
Curves such as those in Fig. 2 can, however, be compared fairly with 
those reported by Macleod 10 in his study of the form of the electrogram 
and its relation to the fundamental processes in cardiac muscle. The 
course of events in this experiment resembles that which he observed on 
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the application of heat, but there are certain irregularities which require 
explanation. Particularly noticeable is the regression deflection of 
Pig. 2/, which may have been expected to resemble Fig. 2b but, instead, 
is almost monopliasic. In attempting an explanation of this divergence 
from the expected form it is necessary to recall the conditions which 
must be fulfilled in order to obtain electrograms which correspond to 
Maeleod’s theoretic curves. In constructing these hypothetic curves only 
the existence of a narrow strip of muscle was assumed, with the excita- 
tion process travelling from one end towards the other. The curves 
obtained from a narrow strip resemble those from a wide one (the 
auricle) only if the duration of systole is the same for every muscle 
element and the speed with which the process travels is uniform through- 
out the muscle. If the duration of the excited state differs in different 
regions the curve may be greatly distorted. That the effect of the drug 
might persist much longer in some muscle elements than in others is 
easily possible, and would account for the failure of the curves to corre- 
spond to theoretic ones. It is in the transitional states during which 
the effect of the drug is increasing or decreasing that the most aberrant 
curves would occur. In a thin structure like the auricle, which is bathed 
uniformly with blood over one entire surface, absorption may be uni- 
form, but the decay of the action depending on a number of factors 
would scarcely be the same for all regions. 

The tendency of mecholyl to usher in fibrillation or flutter is the re- 
sult of its effect upon the refractory period. Since Lewis 4 has discussed 
this relationship (the reduction of the refractory period and the oc- 
currence of aberrant rhythms) at length, it need not be repeated here. 

If the chief effect of acetyl-beta-methylcholine resembles that of the 
digitalis glucosides (a shortening of electrical systole) , the two drugs 
may be expected to produce similar effects upon the human electro- 
cardiogram. Page, 13 in his report on its clinical effects, illustrated the 
electrocardiographic changes. In the case of the subject whose curves 
are illustrated the electrocardiogram was normal before the drug was 
given but, during the height of the action, inverted T-waves, similar to 
those which digitalis produces, developed. The effect was, of course, 
transient, and the curve quickly returned to normal. 

SUMMARY 

Acetyl-beta-methylcholine shortens the duration of electrical systole 
and the refractory period in the frog’s heart. In consequence, it may 
induce aberrant rhythms. These effects are abolished by atropine. Its 
failure to produce heart block is strange, but this can be explained on 
the basis of anatomic peculiarities of the frog’s heart. It is probable 
that similar effects produced by frequent stimulation and the digitalis 
glucosides are not mediated by acetylcholine. Like the digitalis drugs, 
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and probably by a similar mechanism, meeholyl causes inversion of the 
T-wave of the human electrocardiogram. 
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THE TREATMENT OF DEEP THROMBOPHLEBITIS AND 
CHRONIC LEG ULCERS WITH ACETYL-BETA-METHYL- 
CLIOLINE CHLORIDE IONTOPHORESIS 

Raymond A. Sokolov, M.D., and Maurice P. Meyers, M.D. 

Detroit, Mich. 

A CETYLCHOLINE was shown by Dale 1 to be the chemical substance 
released upon stimulation of the parasympathetic nerve endings. 
This substance proved too unstable to be of therapeutic value. Major 
and Cline 2 prepared a more stable compound, acetyl -beta -methyl choline 
chloride (mecholyl) ; the latter has an action similar to acetylcholine 
and can be administered orally, subcutaneously, and by iontophoresis. 
The action of the drug on parasympathetic nerve endings was utilized 
in patients in whom it was desirable to cause peripheral vasodilatation. 
To ensure a concentrated local effect and to avoid undesirable general 
effects of the drug , 3 Kovacs 4 attempted to use this agent by ionization 
through the unbroken skin. He found the treatment to be of value 
in chronic arthritis, especially in the rheumatoid type, and also in 
peripheral vascular disease in which spasm was an important factor. 
Employing the same technique, Saylor, Kovacs, Duryee, and Wright 5 
found the treatment to be effective in the healing of chronic varicose 
ulcers. In attempting to reproduce these results in treating chronic 
ulcers in this clinic it was noted that in cases in which there was a co- 
existing deep thrombophlebitis iontophoresis caused improvement in the 
symptoms of the latter condition as well as healing of the ulcers. This 
led to the use of acet.yl-b eta-methyl choline chloride* iontophoresis in 
eases of deep thrombophlebitis without ulcers. While this work was in 
progress Murphy® reported favorable results with similar treatment in 
a series of thirty -three cases of thrombophlebitis, though he did not dis- 
tinguish between superficial and deep thrombophlebitis. 

In this study are included nineteen cases of thrombophlebitis of deep 
veins and thirteen cases of chronic leg ulcers of various etiology. Some 
of the patients were from the outpatient department, while others were 
private patients referred to the peripheral vascular department of the 
hospital. The great majority, by far, were ambulatory. 

The technique of the treatment was essentially the same as that of Kovacs 4 (for 
a detailed description of it the reader is referred to his article). It was found that 
a 0.1 per cent solution of acetyl-beta-nietliylcholine chloride was as effective as the 
higher concentrations previously recommended. The individual treatments were as 

From the Peripheral Vascular Clinics of Harper Hospital and the North End Clinic, 
Detroit, Michigan. 

‘The acetyl-heta-methylcliolinc chloride (Mecholyl) used in this study was kindly 
supplied by Merck and Company of Rahway, N. J. 

Received for publication Aug. 15, 1938. 
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a rule of fortj’-five minutes’ duration. The first six to ten treatments were given 
at daily intervals. These were subsequently reduced to two to three weekly, as im- 
provement permitted. 

No untoward general effects from the treatment were observed in this group of 
cases. The side effects noted were the same as those reported by others, namely, 
local diaphoresis, flushing, salivation, and occasionally increased intestinal peristalsis. 
Two patients unfortunately sustained small eschars of the legs following iontophore- 
sis therapy. The difficulty was traced to a faulty galvanic machine. After abandon- 
ing the use of that particular machine, this problem was not again encountered. The 
eschars responded well to simple measures. 

THROMBOPHLEBITIS OP DEEP VEINS 

In this study eases of superficial phlebitis or phlebitis of varicose 
veins have not been included. Individual episodes of superficial phle- 
bitis lend to be self-limited and do not constitute as formidable a thera- 
peutic problem as do the chronic lymphedemas secondary to deep throm- 
bophlebitis. We are concerned here with the nonsuppurative post- 
operative or post parturient phlebitis, known under the various names 
of milk leg, phlegmasia alba dolens, or postphlebitie edema. This lesion 
usually is seen following abdominal operations or septic deliveries, 
though it may occur after trauma, septicemia, and generalized infec- 
tions; moreover, cases of so-called idiopathic thrombophlebitis have been 
reported. 7 In one case in this present group the phlebitis followed a 
severe burn of the leg. 

The onset of the condition is frequently announced by a rise in pulse 
rate and temperature, often with chill. The patient may complain of 
pain or stiffness in the leg or behind the knee, or difficulty in moving 
the leg.. Shortly afterward the limb begins to swell. In the milder 
eases the swelling may disappear in a short time; in the more severe 
cases the swelling persists for several monllis and may become perma- 
nent. In these more unfavorable cases the skin becomes thickened, in- 
filtrated, and brownly pigmented; the leg becomes heavy, painful, and 
practically useless. Later sequelae take the form of dermatoses, in- 
durations, and ulcerations, which add .materially to the distress of the 
patient. 

Two opposing explanations have been offered as to the cause of this 
postphlebitie edema : One stresses interference with venous return,® the 
other attributes the edema to lymph stasis resulting from concomitant 
involvement of the lymph channels with the perivenous inflammatory 
reaction. 9 Whichever of these may he the correct interpretation, there 
are certain factors which are known to favor the formation of thrombi. 
Chief among these is slowing of flic rate of blood flow, which can be a 
consequence of surgical anesthesia, prolonged inactivity during con- 
valescence, advanced age, and perhaps hypothyroidism. Other factors 
are change in blood volume due to dehydration and hemorrhage, presence 
of infection or febrile reaction, trauma, and possibly some not well un- 
derstood changes in blood coagulation factors and in blood chemistry. 
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The greater frequency of involvement of the left side has been explained 
on the basis of anatomic variations of the iliac veins on the two sides; 
the left common iliac vein is longer and more oblique than the right and 
is pressed upon by the right common iliac artery and by the adjacent 
portion of the colon, all of which favor venous stasis. 

The treatment of postphlebitic edema has until very recently been far 
from satisfactory. Elastic supports, massage, heat, and light are thera- 
peutic gestures and nothing more, in many cases. The Kondoleon opera- 
tion is a formidable procedure. Extract of leeches has been advocated 
in this condition, but little is yet known of its value. 10 The use of 
acetyl-beta-methylcholine chloride iontophoresis in deep thrombophle- 
bitis seemed to be a more satisfactory method of treatment than others 
previously suggested. 

Nineteen patients with thrombophlebitis of deep veins have been 
treated by this method; the results are recorded in Table I. The short- 
est duration of the disease among the patients treated was eight days, 
the longest thirty-two years. Three patients were treated while they 
were still in the hospital recovering from their respective operations; 
these patients whose phlebitis was subacute were kept at rest in bed 
until improvement was well advanced. The remaining patients, who 
came to us after the condition had been present for several months or 
more, were easily managed while they were ambulatory. Of this latter 
group it was necessary to hospitalize only one individual; he lived a 
long distance from the clinic and found it difficult to come back and 
forth for treatment. 

Improvement was noted in eighteen of the nineteen cases. The 
majority of the patients were able to return to full-time work, some 
at hard manual labor. Others were only partially rehabilitated. In one 
patient pain and disability, which had been present for thirty years, 
completely disappeared. Many of the patients had had various other 
forms of treatment over a period of years without relief. 

Most marked improvement was noted in instances in which the dis- 
ease was of not too long standing. When the disease had been present 
for a number of years improvement was slow and less dramatic. It is 
advisable to warn the patient that improvement may not manifest itself 
until several treatments have been given, else he may become discouraged 
and cease reporting for further therapy. It is not unusual, especially 
in the cases of old chronic phlebitis, to see no alteration in the disease 
process until a considerable period of time has elapsed, and then sud- 
denly to observe beneficial changes taking place. In fresh postoperative 
cases the results were at times quite dramatic. 

Criteria of improvement were (1) diminution in the size of the limb 
as determined by measurements taken circumferentially at the level of 
the largest diameter of the calf and at the level of the malleoli; (2) im- 
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provement in ability to walk and stand; (3) ability to resume previously 
impossible occupations or tasks; (4) freedom or relief of subjective 
symptoms such as pain, heaviness of the legs, or “stiffness” of the legs. 
In Table I the results arc recorded in greater detail. The degree of 
disability in each case was graded + to + + + +. Grade + signified swell- 
ing without discomfort, + + swelling plus mild disability, + + + extensive 
edema plus severe disability, + + + + total disability and confinement to 
bed. The relative amount of improvement was likewise graded, ranging 
from +, which represented slight improvement, to + + + +, which signified 
complete cure. 

There are many victims of deep thrombophlebitis suffering from vary- 
ing degrees of disability. As a rule these people are resigned to their 
fate, after having submitted themselves to a number of therapeutic 
efforts over a period of years without result. With the introduction 
of iontophoresis therapy with acetyl-beta-methylcholine chloride a good 
percentage of the people treated have had relief of distress and decrease 
in swelling of the affected limbs. They have been able to resume previ- 
ous occupations or household tasks which they had given up because of 
their illness. 

CHRONIC LEG ULCERS 

Saylor and his co-workers observed good results in the treatment of 
chronic varicose ulcers following the use of acctyl-bcla-methylcholine 
chloride iontophoresis. 5 In this study the same method was used in the 
treatment of varicose ulcers and also for ulcers of other etiology. The 
results are recorded in Table II. In several cases the etiology was in- 
definite or possibly multiple; in at least four instances there was an 
underlying peripheral arterial deficiency. Two were pyogenic ulcers, 
three were varicose ulcers. It was found in this small group that the 
treatment was apparently as effective in healing leg ulcers of other than 
varicose vein etiology as it was in the treatment of varicose ulcers. In 
many instances the patients had had previous therapy of various sorts 
without improvement. In general, no other form of treatment was used 
concurrently with the administration of the iontophoresis. There were 
some exceptions. One patient, who had cardiac failure with peripheral 
edema, was kept completely at rest in bed and given appropriate 
therapy. In three cases, in which the ulcer was associated with an 
abundant purulent discharge, urea crystals were applied locally until the 
exudation ceased. 

One precaution which is observed in treating open skin lesions by the 
method of iontophoresis is that the ulcerated ai’ea itself is covered with 
a thin piece of rubber sheeting. If this is neglected there is likely to be 
concentration of the current at the point of ulceration, which may cause 
pain and further tissue destruction. 
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Table 


Deep Thrombophlebitis Treated 


NO. 

PATIENT 

AGE & 
SEX 

LESION 

DURATION 

DISABILITY 

ETIOLOGY 

1 

S. W. 

47 F 

Chronic thrombo- 
phlebitis (deep), 
left leg. 

6 years 

+ + + 

Pelvic operation 

2 

G. G. 

59 M 

Chronic thrombo- 
phlebitis (deep), 
bilateral. 

9 years 

+ + + 

Cholecystostomy 

3 

G. D. 

56 P 

Subacute thrombo- 
phlebitis (deep), 
left leg. 

8 days 

+ + + + 

Cholecystectomy 

4 

A. S. 

GO F 

Chronic thrombo- 
phlebitis (deep), 
bilateral. 

32 years 

+ + 

Childbirth 

5 

W. R. 

32 M 

Subacute thrombo- 
phlebitis (deep), 
left leg. 

1 month 

+ + 

Herniorrhaphy 

C 

B.M. 

39 F 

Subacute thrombo- 
phlebitis (deep), 
left leg. 

6 months 

+ + 

Herniorrhaphy 

7 

A. G. 

45 F 

Chronic thrombo- 
phlebitis (deep), 
left leg. 

30 years 

+ + + 

Ankle injury 

8 

E. B. 

33 M 

Chronic thrombo- 
phlebitis 

(deep), right leg. 

3 years 

+ + + 

Leg injury, septicemia 

9 

W. K. 

65 M 

Subacute thrombo- 
phlebitis (deep), 
right leg. 

3 months 

+ + 

Gangrenous appendi- 
citis 

10 

F. C. 

36 F 

Chronic thrombo- 
phlebitis (deep), 
bilateral. 

right S years 
left 3 years 

+ + + 

Septic abortion, 
childbirth 

11 

H. S. 

39 F 

Subacute thrombo- 
phlebitis (deep), 
bilateral. 

13 days 

+ + + 

Pelvic operation 

12 

W. F. 

35 M 

Chronic thrombo- 
phlebitis (deep), 
left leg. 

S months 

+ + + 

Bum 

18 

F. B. 

54 M 

Chronic thrombo- 
phlebitis (deep), 
right leg. 

3 months 

+ + + 

Indefinite 

14 

G. G. 

51 M 

Chronic thrombo- 
phlebitis (deep), 
bilateral. 

2 months 

4" + + 

Herniorrhaphy 

lb 

H. W. 

43 F 

Chronic thrombo- 
phlebitis (deep), 
bilateral. 

IS years 

+ + + 

Childbirth 

10 

E. P. 

45 F 

Chronic phlebitis 
(deep), right leg. 

23 years 

+ + 

Childbirth 

IV 

J. A. 

46 M 

Chronic thrombo- 
phlebitis (deep), 
bilateral. 

2S years 

+ 4* + 

Typhoid fever 

18 

H. P. 

44 F 

Chronic thrombo- 
phlebitis (deep), 
left leg. 

19 years 

+ + 

Childbirth 

19 

S. H. 

46 F 

Chronic thrombo- 
phlebitis (deep), 
left leg. 

14 years 

+ + 

Childbirth 
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I 

by Iontophoresis With Meciiolyl 


duration of 

TREATMENT 

NUMBER 

OF 

TREATMENTS 

RESULT 

QUANTITA- 

TIVE 

RESULT 

REMARKS 

2 months 

27 

Improved 

+ + + 

Measurements decreased; no pain; 
moderate swelling toward evening. 
Now holds full-time job. 

4 months 

GO 

Improved 

+ + + 

Measurements decreased ; walks well. 
Still has occasional pain. 

3 weeks 

13 

Improved 

+ + + 

Measurements decreased ; little or no 
swelling, walks normally. 

20 days 

15 

Improved 

+ 

Measurements improved, leg softer, 
walking better. 

9 days 

S 

Improved 

+ + + 

Measurements improved; has only 
slight ankle edema after hard day’s 
work. 

2 months 

2° 

Improved 

4 4 4 

Measurements improved; able to do 
all her housework. 

7 weeks 

24 

Improved 

4- 4 4 

Measurements decreased, pain disap- 
peared completely. 

6 weeks 

39 

Not 

Improved 

0 


7 weeks 

31 

Improved 

+ + + 

Now has only slight swelling of 
ankles after full day’s work. 

3 months 

29 

Improved 

4 4 

Ulcers healed, swelling partially re- 
duced, able to do housework. 

3 weeks 

is 

Cured 

++++ 

No swelling; no symptoms. 

G weeks 

32 

Improved 

++ 

Measurements decreased, no pain, 
walks better. 

5 weeks 

12 

Improved 

+++ 

Measurements reduced, no pain, walks 
without difficulty'. 

6 months 

63 

Improved 

++ 

Left leg became normal, right leg 
only partially' improved. 

4 weeks 

11 

Improved 

+++ 

Swelling reduced, walking improved. 

6 weeks 

21 

Improved 

+++ 

Less swelling, no pain, able to do all 
her housework. 

4 weeks 

12 

Improved 

+++ 

Measurements decreased, improved 
ability to walk. 

2 weeks 

7 

Improved 

+++ 

Measurements decreased, no pain, 
now able to do all her housework 
without difficulty. 

6 weeks 

12 

Improved 

++ 
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Table 


Treatment of Chronic Leg Ulcers 


NO. 

PATIENT 

AGE & 
SEX 

LESION 

DURATION 

DISABILITY 

ETIOLOGY 

1 

A. L. 

42 F. 

Chronic ulcer of 
foot 

4 months 

+ + + 

Raynaud } s disease 
with scleroderma 

2 

N.P. 

23 M 

Chronic purulent 
ulcer of leg 

20 months 

+ + + 

Osteomyelitis of right 
tibia 

O 

o 

B. L. 

74 F 

Ulcer due to stasis 
plus arterio- 
sclerosis 

3 weeks 

+ + + + 

Cardiac insufficiency 
with peripheral 
edema; arteriosclero- 
sis 

4 

J.M. 

46 M 

Ulcer of foot 

5 months 

+ + + 

Diabetes 

5 

F. F. 

41 F 

Ulcer of ankle 

4% years 

4- 4* + 

Varicose veins 

6 

E. G. 

50 F 

Ulcer of ankle 
Chronic ulcer of 
leg 

15 years 

+ 4* 

Varicose veins 

7 

T.H. 

36 F 

Boeck’s sarcoid (?) 

2 years 

++ 

Indefinite 


8 F. W. 52 M Clironie leg ulcer 5 years + Microscopic examina- 

tion inconclusive: 

(1) tuberculosis, 

(2) probable 
syphilis 


9 

F. T. 

33 F 

Chronic ulcers of 
left ankle 

2V> years 

+ + 

Fracture 

10 

R. G. 

47 F 

Ulcer of right 
tliigh 

7 months 

+ 

Abscess following in- 
sulin injection, 
diabetes 

11 

H. K. 

45 M 

Ulcer of left ankle 

20 months 

+ 

Indefinite: old frac- 
ture, syphilis, 
nephritis 

12 

M. S. 

26 M 

Ulcer of toe 

1 month 

+ + 

Diabetes 

13 

H. H. 

39 M 

Chronic ulcer — 
medial aspect left 
ankle 

4 months 

+ 4 

Varicose veins 


Clinical improvement in these ulcer cases was manifested shortly after 
treatment was started. After two or three applications a healthy red 
granulation tissue appeared at the base of the ulcer. Soon growth of 
epithelium became evident at the border, and by the end of six or seven 
days measurable differences in the size of the lesions were apparent. 

Though the limitations of drawing conclusions from such a small 
series of cases are recognized, the results were so uniformly good that 
it seemed worth while to report them. 
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II 

BY IONTOPHORESIS WlTII MECIIOIjYL 


DURATION 

OF 

TREATMENT 

NUMBER 

OF RESULT 

TREATMENTS 

QUANTITA- 

TIVE 

RESULT 

REMARKS 

3 weeks 

14 

Healed ulcer 

+ + + + 

Previously treated by bed rest and 
ointments without improvement. 

oiA months 

79 

Healed ulcer 

+ *f + + 

Previous to treatment, ulcer was be- 
coming progressively worse. Urea 
crystals used until purulent dis- 
charge ceased. 

5 weeks 

30 

Healed ulcer 

+ + + + 

Urea crystals and bed rest also em- 
ployed. 

3 months 

17 

Healed ulcer 

+ + + + 


3 weeks 

17 

Healed ulcer 

+ + + + 

Had previously had Unna boot, elastic 
supports, ointments, and ultraviolet 
light. 

5 weeks 

21 

Healed ulcer 

+ + + + 


1 month 

28 

Healed ulcer 

+ + + + 


C weeks 

17 

Healed ulcer 

+ + + + 

Ulcer previously treated in 2 other 
clinics. 

5 weeks 

14 

Ulcers healing 

+ 


15 weeks 

36 

Ulcer healed 

4- + + + 

Ulcer healed after treatments, but 
discharge continued 5 months. 

7 weeks 

13 

Ulcer healed 

+ + + + 

No improvement with Unna boot, nor 
with anti-syphilitic therapy. 

G weeks 

14 

Ulcer partially 
healed 

+ + 

Completely healed only after 5 months 
and after patient was put to bed. 

G weeks 

15 

Healed ulcer 

+ + + 

Had previously had vein ligations and 
supportive bandages, plus various 
types of ointments. 


SUMMARY 

Iontophoresis with aeetyl-beta-metliylcholine chloride was used in the 
treatment of nineteen patients until deep thrombophlebitis with good 
results in eighteen cases. The same form of therapy was employed in 
thirteen cases of chronic leg ulcers of various etiology; these ulcers had 
completely healed in twelve cases, and in the thirteenth the lesion was 
healing rapidly when last observed. 
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"We are grateful to Dr. Hugo A. Freund for Ins permission to investigate and 
report those cases in which treatment was carried out under his direction at Harper 
Hospital, and to Dr. Saul Rosenzweig for his cases at North End Clinic. 
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PAPAVERINE HYDROCHLORIDE 


Its Questionable Value as a Vasodilating Agent for Use in the 
Treatment of Peripheral Vascular Diseases 


David Littauer, M.D., and Irving S. 'Wright, M.D. 
New York, N. Y. 


A S PART of the present trend toward conservatism in the treatment 
of diseases of the peripheral circulation, several pharmaceuticals 
with vasodilating properties, notably histamine, acetylcholine, acetyl- 
beta-methyl choline, theobromine sodium salicylate, and tissue extracts, 
have come into popular use. With increasing experience, certain of 
these substances have been found to possess, at most, limited usefulness. 
In the last few years papaverine, a member of the isoquinoline group 
of opium alkaloids, has been widely recommended as a rapidly acting 
vasodilator because of its relaxing effect on smooth muscle. 

Papaverine was first identified among the alkaloids of opium by 
Merck, in 1S4S. 2 Its formula was worked out by Goldschmidt 2 about 
forty years later, and in 1909 it was prepared synthetically by Pictet 
and Gans. 2 A preparation closely related chemically to papaverine, and 
used especially in Europe, is cupaverine, 3 which is claimed to be less 
toxic but is also less soluble than papaverine. Pal, who has done con- 
siderable experimental work with papaverine on animals and to a lesser 
extent on man, 4n * f has concluded that the drug has the property of re- 
laxing smooth muscle throughout the body by local action on the muscle 
fibers. If this is true, it should produce dilatation of blood vessels; in 
normals he found this relaxing effect to be insignificant, while if vaso- 
constriction has been produced by administration of adrenalin the relax- 
ing effect is much greater. Pal’s findings have been confirmed in a 
general way by Renon and Desbouis, 5 Adler, 0 and Macht. 7 The latter 
made an extensive pharmacologic study on animals of the effects of the 
drug on the circulation, on respiration, on smooth muscle, and as an 
analgesic. He found that papaverine causes marked dilatation of the 
coronary, splanchnic, and peripheral arteries; it causes a slight decrease 
in the rate of respiration, but a marked increase in volume output and 
alveolar ventilation, and also dilates the bronchi; it relaxes smooth 
muscle without paralyzing it; and as an analgesic it is more effective 
than codeine but less effective than morphine. Barlow 8 has confirmed 
its inferior potency as a sedative and as an inhibitor of spontaneous 
movements in the rat. 

Gruber and Robinson 9 have shown that in the perfused mammalian 
heart papaverine hydrochloride causes considerably greater dilatation 
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of coronary vessels than does morphine, although only one-tenth the dose 
was used. Merrier 10 found that the initial fall in blood pressure follow- 
ing the action of papaverine on the smooth muscle fibers is succeeded by 
a rise, which he attributed to vasoconstriction. 

The tonus of the smooth muscle of the intestinal tract is usually de- 
creased by papaverine injected intravenously, although sometimes in- 
ci'eased peristalsis may result, according to Gruber and Robinson 11 and 
Gruber and Brundage. 12 Samaan 13 also has found it effective in reliev- 
ing intestinal spasm. However, Gross and Slaughter 14 claim that as a 
relaxer of smooth muscle in the gastrointestinal tract papaverine is effec- 
tive only on the musculature of the stomach, and that its effect is slight 
compared to the similar action of morphine. 

Samaan 15 has reported favorably on the relaxing effect of papaverine 
and eupaverine on the smooth muscle of the genitourinary and biliary 
tracts. 

Clinically, this relaxing property of papaverine has prompted its use 
in acute uremia, 4d angina pectoris, bronchial asthma, and dysmenor- 
rhea. 4 ' 1 In the last three years several reports have appeared on the 
effectiveness of papaverine in releasing the vascular spasm accompany- 
ing acute embolism or thrombosis of the vessels of the extremities. 
Denk, 1Ca - b using eupaverine in doses averaging 0.03 to 0.06 gm. (% to 
1 gr.) intravenously every few hours, reports that in twenty -five cases of 
acute embolism of major vessels of the extremities there was complete 
restoration of circulation in seventeen, improvement in three, and no 
favorable effect in only five. His criteria of improvement are based on 
clinical findings and capillary microscopy. He concluded that these 
results are at least as good as are usually obtained with embolectomy, 
and the latter procedure can always be attempted if a trial with papav- 
erine is ineffectual in a few hours. 

Allen and MacLean 17 report a case of a 50-year-old diabetic male who 
suffered occlusion of the lower portion of the right femoral artery and 
the left iliac artery. Following the administration of .016 gm. (^4 gr-) 
of papaverine intravenously, the condition of the right leg returned to 
normal, whereas the left lower extremity became progressively worse 
and at operation the larger arteries and veins were completely throm- 
bosed. Five additional cases have been added by de Takats. 18 In two, 
no benefit resulted from the use of papaverine, possibly because of the 
length of the interval between the arterial occlusion and administration 
of the drug. One of the remaining three was a case of pulmonary em- 
bolism and should be discounted. Adjuvant therapy, such as suction- 
pressure and a heat-regulated cradle, was used in the two cases in which 
improvement occurred. 

In the experimental work on animals mentioned above, the results of 
competent observers were by no means uniform. In the small amount 
of clinical observation thus far reported, conditions were usually far 
from controlled. In some cases adjuvant therapy was employed. It is a 
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familiar clinical observation, moreover, that in many cases of acute 
embolism or thrombosis of a major artery of an extremity spontaneous 
recovery following ordinary symptomatic therapy, like warmth, seda- 
tives, and analgesics, is the rule. This is especially true of nonseptic 
emboli in people under 45 years of age. 

We therefore decided to investigate the effectiveness of papaverine 
as a vasodilator in cases of vascular disease in which measurable amounts 
of spasm, as determined by a standard procedure for securing vasodila- 
tation, were known to exist. To this end a series of patients with various 
vascular syndromes, as well as two normal individuals, were subjected 
to a method of producing reflex vasodilatation witli which we have had 
considerable experience. By this method we could demonstrate the 
capacity for vasodilatation in certain of the extremities selected for 
study. At subsequent sittings the same individuals were given papav- 
erine -in doses which were recommended therapeutically, and also in 
larger doses. In addition, we had the opportunity during the past year 
to observe six patients who were admitted to the hospital for sudden 
peripheral embolism or thrombosis and given papaverine within a short 
time after the vascular insult. 


METHOD 

Twenty-two subjects were studied, including thirteen with thromboangiitis oblit- 
erans, three with arteriosclerosis obliterans, four with Raynaud’s syndrome, and two 
normal individuals free from vascular disease. 

All were first tested with the procedure commonly used in our clinic to determine 
the possibility of reflex dilatation of the vessels of the extremities, namely, the hot 
water immersion test popularized by Landis and Gibbon.io This compares favor- 
ably with other diagnostic tests for vasospasm, such as injection of the posterior 
tibial nerve and spinal or general anesthesia, except in cases of Raynaud’s syn- 
drome. 

The procedure was as follows: The subject sat in a room free from drafts. 
The temperature was maintained between 20° and 22° C. (GS°-71.5° F.). If the 
upper extremities were tested they were exposed from the elbows downward and 
the hands and forearms were rested on a table. Temperature readings of the skin 
of the dorsum of the first, third, and fifth digits of each extremity and of the 
dorsum of the foot (or hand) were taken by means of the Leeds and Northrup 
potentiometer with thermocouple junction of iron, copper, chrome], platinum rhode- 
sium (positive) and constantan, alumel and platinum (negative), and extension 
leads. 

Readings were taken every ten minutes until stabilization of skin temperature 
had been achieved. In no instance were less than sixty minutes allotted to the 
period of stabilization, and in some cases ninety or more minutes were required. 

After stabilization of skin temperature had occurred the opposite pair of extremi- 
ties was immersed in surgical arm basins above the elbows (if upper extremities) 
or in deep pails to the knees (if lower extremities) containing water maintained 
at a temperature of 42° to 4G° C. (107.5°-115° F.), and temperature readings of the 
extremities were made at five-minute intervals for thirty-five minutes. 

Vasodilatation in a digit was not considered to have occurred unless there was a 
rise in the temperature of the skin of 2° 0. (3.5° F.), or more, in at least two 
of the three digits from which readings were taken. Normal vasodilatation should 
produce a rise to above 30 C. (SG° F.) in most individuals. A check on the effective- 
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ness of the procedure in producing vasodilatation of the superficial vessels of the en- 
tire body was the generalized sensation of warmth, diaphoresis, and flushing which 
would occur within five to fifteen minutes following immersion. 

Each person was subjected at another sitting to the following procedure. 
Stabilization of the temperatures of the skin of the toes and feet was achieved. 
Blood pressure and pulse rate were also recorded during this period. Papaverine 
hydrochloride," in the amount of 0.03 gm. (gr. %), was injected into an ante- 
cubital vein. Between thirty and forty-five minutes later the injection was re- 
peated. For at least two hours following the initial injection the temperatures of 
the skin of the toes and feet were taken at ten-minute intervals, the pulse rate was 
counted every ten minutes, and the blood pressure was taken several times. In 
eleven cases the capillaries of the nailfold of a finger were also examined period- 
ically under the microscope, before and after the injection of papaverine hydro- 
chloride, for changes in size, shape, and rate of flow of the capillary stream. 
Changes in the color of the extremities and symptoms following the injections were 
also noted. 

RESULTS 

The classification of patients under the various diagnostic groups fol- 
lowed a thorough study in the Vascular Clinic. Patients with ques- 
tionable diagnoses were not used in this work. 

Patients With Thromboangiitis Obliterans. — Of the thirteen patients 
in this group, eight showed a significant response to the liot-water im- 
mersion test, the maximal rise in temperature of the toes ranging from 
4.0° to 9.0° C. (7° to 16° F.) in different individuals. In each case in 
which a temperature rise occurred there was some degree of coincident 
improvement in the color of the toes, from rubor or dusky cyanosis to 
deep or light pink. Several patients remarked upon tingling or throb- 
bing in the feet and toes. 

In five subjects, a rise of temperature of at least 2° C. (3.5° P.) was 
not obtained. In this group there were some of our most advanced cases 
of thromboangiitis obliterans. 

Following injections of papaverine, three of the thirteen members of 
t his group exhibited a rise of skin temperatures and changes in color of 
the feet. Two of these had also responded to the hot-water immersion 
test, while the third had evinced no response to this test. The effect 
of papaverine hydrochloride on blood pressure, pulse rate, and capil- 
laries is reviewed below. 

Patients With Arteriosclerosis. — There were three patients in the 
group. One also had diabetes mellitus, controlled adequately by diet. 
Two exhibited no response to water immersion. Mid-thigh amputations 
for ischemia with gangrene of toes were subsequently performed on 
these two. In the third, excellent vasodilatation was obtained in one 
extremity and almost none in the other. In none of these patients was 
any rise in skin temperatures or changes in the color or feeling in the 
feet- obtained following the intravenous injection of papaverine hydro- 
chloride. 

* Papaverine hydrochloride, Eli Lilly and Company, was used; 0.03 gnu. is the 
maximum therapeutic dose recommended by several workers. 
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Patients With Raynaud’s Syndrome. — There were four patients in 
this group. Tests for vasospasm and vasodilatation are admittedly un- 
reliable in patients suffering from Raynaud’s syndrome, and the studies 
were performed primarily to round out the group of common vascular 
disorders. Stabilization of temperatures is difficult to attain. Spontane- 
ous release of spasm would occur at temperatures above 20.5° C. (69° 
F.). Readings in these patients, all of whom had marked involvement 
of the upper extremities, were taken from the finger tips and dorsi of 
the hands, the legs being immersed in a pail of warm water. One patient 
had scleroderma. 

In two, rise of temperature of the fingers and change in appearance 
of the fingers from dead white or purplish cyanosis to healthy pink 
occurred following water immersion. In one no response was obtained. 
In the fourth it was impossible to secure constant readings, as the vaso- 
spasm came and went frequently. In all four cases papaverine had no 
vasodilating effect at the temperatures at which spasm could be main- 
tained. 

Normal Subjects. — Two normal controls were used. After stabiliza- 
tion of skin temperatures at a low level, elevation of temperatures to at 
least 30.5° C. (87° F.) in all toes was secured following water immer- 
sion. In neither ease was any rise in the temperature of the toes elicited 
following injection of 0.06 and 0.10 gm. (1 and V/> gr.), respectively. 

Systemic Reactions Following Intravenous Injection of Papaverine 
Hydrochloride. — The majority of the twenty-two subjects studied had 
no symptoms following the intravenous injection of papaverine hydro- 
chloride in so-called therapeutic doses. A few felt drowsy. One suffered 
momentary pain in the chest. One felt warm in the chest and abdomen; 
this sensation subsided after several minutes. A generalized sensation 
of warmth and throbbing in the temples occurred several hours after 
injection of 0.10 gm. (gr. 1 y 2 ) in another. Blood pressure remained 
either unchanged or fell a few points. The maximal pulse rate varia- 
tion, almost always in a downward direction in the cases in which it 
occurred, was ten beats per minute. 

Examination of the capillaries of the nailbed of a finger before and 
after injection of papaverine hydrochloride was performed in the first 
eleven patients studied. In two who had Raynaud’s syndrome the 
capillary picture changed without relation to the administration of the 
drug. In the other nine cases the size, shape, and rate of flow of the 
capillary stream were normal before injection and remained so. The 
capillaries of the toes could not be examined satisfactorily. 

During the past year we have had the opportunity to observe four 
cases of acute peripheral embolism and two cases of thrombosis within 
a few hours after the accident. Five of these patients were given large 
doses of papaverine by mouth and intravenously, and the sixth received 
“spasmalgin, ” a proprietary preparation which contains papaverine, 
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but as we were not convinced of the efficacy of the drug alone, and saw 
no reason to withhold other therapeutic measures, they were also treated 
variously with sedatives, warmth, alternating suction and pressure, and 
the oscillating bed. The clinical results were what might have been 
expected if papaverine had not been added to the therapeutic regimen. 
One patient (45 years of age) experienced a return of circulation, and 
the remaining five, all but one of whom were over 50 years of age, de- 
veloped dry gangrene, necessitating amputation, or died. 

COMMENT 

This study attempted to determine the efficacy of papaverine as a 
vasodilator. It has been claimed that papaverine in therapeutic doses 
can overcome the pronounced reflex vascular spasm which often accom- 
panies acute embolism or thrombosis of a major artery of an extremity. 
Such cases can rarely be studied under controlled conditions and, as has 
been noted before, spontaneous recovery frequently occurs without any 
therapy. We therefore decided to compare under similar conditions the 
vasodilating qualities of the drug with a simple means of causing 
arteries to relax, namely, immersion of the opposite pair of extremities 
in warm water at a temperature of 42° to 46° C. (107.5° to 115° F.). If 
papaverine could relieve the severe spasm accompanying the acute in- 
sult, it should certainly be as effective as warm water is known to be in 
relaxing lesser degrees of vascular spasm. 

Following water immersion vasodilatation was obtained in 11, or 61 
per cent, of the eighteen subjects examined (we are omitting the Ray- 
naud syndrome group from statistical comparison). Following the 
intravenous injection of papaverine hydrochloride only three, or 17 per 
cent, exhibited any appreciable degree of vasodilatation, as measured 
by changes in skin temperature and in appearance of the skin. On the 
other hand, one patient who did not show relaxation of vasomotor tone 
following water immersion did respond to injections of papaverine 
hydrochloride. 

Any study of the action of drugs on human beings must be interpreted 
with restraint. In the field of vascular disease, Silbert 21 has recently 
expressed a timely reminder that a critical attitude in evaluation of 
treatment is too often lacking. Nevertheless, we conclude from our 
observations that as a therapeutic means of causing vascular relaxation 
in normal individuals or in those suffering from diseases in which vaso- 
spasm may play an important role, such as thromboangiitis obliterans 
and early arteriosclerosis, papaverine hydrochloride intravenously is less 
effective than immersion of a pair of extremities in warm water. Its 
efficacy in relieving more severe grades of spasm must therefore be open 
to question. 

SUMMARY 

The effectiveness of papaverine hydrochloride intravenously as a vaso- 
dilator was studied in a series of eighteen subjects, which included thir- 
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Fig. 1 A Typical experiment showing- effect of immersion of arms in water at 

42 to 46° C. on’the skin temperatures of the loes of the left lower extremity. (Patient 
G. S., 12/4/37.) 



TIME III MINUTES 

Fig. IB . — Typical experiment (continued) showing effect of papaverine hydro- 
chloride, administered intravenously, on the skin temperatures of the toes of the left 
lower extremity. (Patient G. S., 12/9/37.) 
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teen who suffered from thromboangiitis obliterans, three who had arterio- 
sclerosis obliterans, and two normals. Four patients with Raynaud’s 
syndrome were also observed, but are not included in the statistical 
analysis. Compared with the simple water immersion procedure for 
securing vasodilatation, papaverine hydrochloride is ineffective and un- 
certain in action. 
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OBSERVATIONS ON THE GENESIS OF 
RENAL HYPERTENSION* 


L. N. Katz, M.D., M. Friedman, M.D., S. Rodbard, B.S., and 
AY. "Weinstein, M.D. 

Chicago, III. 

A LTHOUGH various observers, notably Cash , 1 have noted that hyper- 
tension resulted when the kidneys were damaged, it was the funda- 
mental work of Goldblatt, Lynch, Hanzal, and Summerville 2 which 
clearly indicated that severe, persistent hypertension may be of renal 
origin. These latter investigators produced experimental hypertension by 
partially occluding one or both renal arteries of the dog. Since that time 
Goldblatt and his associates 3 ' 6 have made many valuable contributions to 
our knowledge of hypertension of this type. The renal hypertension pro- 
duced by renal ischemia has been shown by various observers 6 ' 11 to be 
independent of the nervous system, but the exact mechanism involved is 
still unknown. 

For the past four years we have been interested in the mechanism re- 
sponsible for the rise of pressure following renal ischemia. In this report 
we briefly describe our experiences to date. 

GENERAL METHOD 

Trained dogs were used throughout. In our early experiments the blood 
pressure was determined by an indirect cuff method, applying the cuff to the upper 
foreleg. The systolic and diastolic pressures were determined by auscultation 
over the brachial artery, employing the usual criteria. The cuff was constructed 
to fit the shape of the limb and was 4 to 8 cm. wide, depending on the size of the 
animal (modified Ferris and Hynes method 12 ). Experienced observers can ob- 
tain readings with an error not exceeding ± 5 mm. Hg with trained dogs. How- 
ever, more accurate blood pressure readings were recorded with the calibrated needle- 
manometer of Hamilton. 12 By this method the direct and accurate measurement of 
both the systolic and diastolic pressure in the femoral artery was obtained. Blood 
pressures could be recorded without a general anesthetic or morphine, provided care 
was taken to train the dogs. In general, the training process involved educating 
dogs to lie quietly for 5 to 10 minutes and making the arterial puncture without 
applying restraints. The skin overlying the artery was infiltrated with % to 2 c.c. 
of 2 per cent procaine hydrochloride, and sharp needles (20 gauge) were used for 
the puncture. Often the dogs were so well trained that the arterial puncture could 
be made without using the local anesthetic. Successive blood pressures were taken 
at daily to biweekly intervals until three or four successive readings were in agree- 
ment within ± 5 mm. Hg. These last readings constituted the control pressure. Occa- 
sionally, a marked variation in blood pressure concomitant with various phases of 
the respiratory cycle was noted, and when this occurred the average systolic and 
diastolic pressures were calculated. Renal hypertension was produced by completely 

•From the Cardiovascular Department, Michael Reese Hospital, Chicago, 111. 

Aided by the A. D. Nast Fund for Cardiac Research. 
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occluding the renal artery with a Goldblatt clamp, then releasing the clamp ap- 
proximately one-half to one and a quarter turns of the screw. Bilateral clamping in 
two stages was done 7 to 40 days apart in all but 3 instances. The renal artery 
constriction was performed under nembutal or ether anesthesia, using the retro- 
peritoneal approach. 

THE ARTERIAL BLOOD PRESSURE OF THE NORMAL TRAINED DOG 

We have analyzed our data in order to establish the normal pressures 
in trained dogs. Blood pressure determinations were made by means of 
the Hamilton method. The results on 127 trained dogs are shown in 
Fig. 1. It was found that the mean systolic pressure was 155 mm. Hg, 
with the range from 130 to 185 and the standard deviation 11 nun. Hg. 
The mean diastolic pressure was 80 mm. Hg, the range 65 to 100, and 
the standard deviation 6 nun. Hg (Fig. 2). 

The readings in the upper extremity determined in sixteen trained 
dogs by the cuff method showed a diastolic pressure averaging 85 mm. 
Hg and ranging from 75 to 100, which is similar to that in the femoral. 
The systolic pressure, however, was lower, the average being 130 mm. 
Hg, with 115 to 155 as the range. 


Table I 

Normal Blood Pressure in the Brachial Arteries of 16 Trained Dogs, Ob- 
tained by tiie Cuff Method 


DOG 

SYSTOLIC 

DIASTOLIC 

J-l 

130 

75 

J-2 

140 

80 

J-3 

115 

75 

J-4 

155 

100 

J-6 

120 

SO 

J-7 

130 

100 

J-8 

145 

90 

J-9 

115 

S5 

J-13 

125 

85 

J-14 

140 

85 

J-1G 

125 

80 

J-19 

135 

90 

J-22 

125 

80 

K-9 

135 

85 

K-10 

150 

95 

K-12 

130 

75 


During, the initial part of the training period the dogs regularly exhib- 
ited hypertension, but usually after 5 to 7 days of daily pressure de- 
terminations the basal control level was reached. Occasionally, dogs 
maintained a high pressure (200/100) with a slow pulse, even after 
weeks of training. These dogs were discarded. Also discarded were 
several dogs showing fluctuating pressures, indicating vasomotor insta- 
bility. A single determination of the blood pressure of untrained dogs, 
with or without the use of morphine, does not appear to give the cor- 
rect control blood pressure level. 
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Pig. 1. — The distribution of blood pressures in the femoral arteries of 127 trained 
normal dogs, obtained by direct intra-arterial puncture (of Hamilton). The systolic 
pressure is given in ordinates and the diastolic pressure in abscissae. The pulse 
pressure is indicated by the oblique lines. All pressures are in millimeters of mercury. 
The figures give the number of animals with each particular combination of systolic, 
diastolic, and pulse pressures. 



190 180 170 160 150 140 130 120 110 100 90 80 70 60 


M.M. HG. PRESSURE M.M. HG. PRESSURE 

Fig. 2. — Distribution of pressure values in 127 normal trained dogs. 


KATZ ET AL. : RENAL HYPERTENSION 


337 


THE CHANGE IN BLOOD PRESSURE FOLLOWING PARTIAL OCCLUSION OF 

ONE RENAL ARTERY 

Thirty dogs were used in this phase of the study. The blood pressures 
were determined by the cuff method in 12, and by direct arterial punc- 
ture in IS. A rise in both systolic and diastolic pressure occurred in 
80 per cent of the cases, reaching values as high as 225/150, thus indi- 
cating a maximum rise of as much as 80/65 mm. Hg. In these 30 dogs 
the mean rise in pressure was 32/24 mm. Ilg. The hypertension lasted 
from 2 to at least 46 days after the single clamp was applied. In this 
•last animal the hypertension was not permitted to run its full course. 
Other observers 2 ’ 5 have found sustained rises for longer periods in some 
of their dogs. None of the 14 animals in which blood nonprotein nitro- 
gen determinations were made showed an abnormal nonprotein nitrogen 
level, and none developed uremia. 

This variability in the duration of hypertension is not completely 
dependent upon the degree of occlusion alone, but in part on the func- 
tional integrity of the other kidney. Favoring this concept are observa- 
tions 10 ’ 14 on dogs with unilaterally clamped renal arteries in which the 
removal of the normal kidney leads either to a greater elevation of the 
blood pressure or to the restoration of hypertension. This indicates 
clearly that the normal kidney in some manner compensates for the 
deleterious effects of the ischemia in the other kidney. Whether the nor- 
mal kidney merely acts as a partial or complete substitute for some 
missing function of the ischemic kidney, or acts to neutralize, destroy, 
or excrete the humoral mediator of hypertension which the ischemic 
kidney produces remains to be determined. However, we feel that the 
re-establishment of hypertension by removing the normal kidney from 
an animal whose other kidney is ischemic is an important clue to the 
possible solution of the mechanism of renal hypertension. 

In contrast to the foregoing group of 30 dogs, in 10 dogs a clamp was 
applied to the renal artery of the remaining kidney from 16 to 91 days 
following unilateral nephrectomy. The pressure in all these dogs was 
measured by the direct arterial puncture method of Hamilton. Hyper- 
tension occurred in 90 per cent. The maximum level attained was 
250/150 mm. Hg, witli a maximum rise of 95/80 and an average rise 
of 58/40 mm. Hg. Five of these 10 animals (all 5 had hypertension) 
died in uremia, 3, 3, 4, 7, and 17 days, respectively, after the renal 
artery was clamped. Three of the remaining five dogs failed to develop 
uremia, although 2 of these had hypertension. The duration of hyper- 
tension in those animals not dying in uremia was found to continue for 
an indefinite period, up to at least 10 months. At necropsy, one of the 
dogs dying in uremia with hypertension showed extensive petechiae in 
its viscera, exclusive of the kidney, confirming the recent report of 
Goldblatt 15 concerning the pathologic changes following severe hyper- 
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tension with renal insufficiency. A second dog showed fibrinous peri- 
carditis. The absence of the second kidne.y is thus seen to facilitate the 
production of hypertension and prolong its course, although frequently 
leading to uremia. 

THE CHANGE IN ARTERIAL BLOOD PRESSURE FOLLOWING PARTIAL OCCLUSION 

OF BOTH RENAL ARTERIES 

Bilateral partial renal arterial occlusion was produced in 24 dogs. 
The occlusion was done in one stage in 3, and in two stages in the other 
21 dogs, 7 to 46 days apart. In 10, the pressure was measured by the 
cuff method and, in the remaining 14, by the direct arterial puncture 
method of Hamilton. The effects were more severe than those following 
the production of renal ischemia in but one of two kidneys; they were 
similar to those following partial renal occlusion after unilateral ne- 
phrectomy. Thus, hypertension occurred in 85 per cent of the animals, 
and lasted, with 1 exception, as long as the animal lived, viz., 2 days 
to 14 months. In this one instance the animal died in uremia and, 7 
days before death, the pressure fell to normal as the uremia developed. 
The highest pressure level attained in these 24 dogs was 245/150, repre- 
senting a maximum rise of 95/70 mm. Ilg. The average rise was 54/40 
mm. Hg. Seven of these animals (28 per cent) died in uremia, 2, 2, 3, 
4, 5, 30, and 38 days, respectively, after the second clamp was applied. 
Elevation of the nonprotein nitrogen of the blood was noted in 11 of the 

18 animals. 

One of the animals with simultaneously produced bilateral renal 
arterial clamping is worth discussing in this connection. This animal, 
T 29, showed no elevation of blood pressure or nitrogen retention for 

19 days following the bilateral clamping. Following unilateral nephrec- 
tomy, the nonprotein nitrogen rose from 45 to 108 mg. per cent with- 
out a concomitant elevation of blood pressure. The animal was in ex- 
cellent condition, although the nonprotein nitrogen elevation persisted 
for 20 days, at which time the animal was sacrificed. This phenomenon 
of renal excretory insufficiency in a unilaterally nephrectomized ani- 
mal whose other renal artery has been clamped, without an accompany- 
ing hypertension, we have seen once before, 14 but have not seen de- 
scribed elsewhere. It suggests that the cause of the occasional failure 
of hypertension to develop following partial renal arterial occlusion is 
not always an inadequate degree of occlusion, but must be sought for 
elsewhere. It also indicates that hypertension and renal excretory in- 
sufficiency are not necessarily related. 

THE EFFECT OF VARIOUS PROCEDURES ON RENAL HYPERTENSION 

During the course of this study an epidemic of distemper occurred 
among the dogs. It was observed that distemper often (4 out of the 
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6 dogs who survived) caused a significant lowering of the blood pressure 
with a return to hypertensive levels on convalescence. This was not 
due to the concomitant starvation or dehydration, since neither of these 
conditions had any influence on the hypertension of 2 dogs in which 
their effect was tested. The most likely explanation of the fall in blood 
pressure in distemper-infected dogs would seem to lie in a partial periph- 
eral vasomotor collapse. 

In view of the results obtained by Goldblatt 5 following adrenalectomy, 
and those obtained by Page 10 following extirpation of the pituitary in 
renal-hypertensive dogs, we tested the effect of subtotal thyropara- 
thyroidectomy in 3 hypertensive dogs. In these animals the deleterious 
effects of parathyroidectomy were counteracted satisfactorily with cal- 
cium citrate in the food, calcium chloride by vein, and parathormone 
by subcutaneous injection. It was found, in accord with Glenn and 
Lasher, 17 that the removal of most of the thyroid does not influence the 
blood pressure in the renal-hypertensive dog. However, it must be em- 
phasized that the removal of both thyroid lobes in the dog does not pro- 
duce a myxedematous state, because of the abundance of accessory 
thyroid tissue. 

THE GROSS AND HISTOLOGIC APPEARANCE OP THE ISCHEMIC KIDNEY 

On gross inspection, the ischemic kidney usually showed no abnor- 
mality. In animals with one ischemic kidney, the ischemic kidney usu- 
ally appeared smaller than the normal one. Histologic sections of 8 
ischemic kidneys were examined, and the glomeruli, tubules, arterioles, 
and interstitial tissue were studied. Dr. M. Corrigan, of the depart- 
ment of pathology, checked these sections with one of us (M. F.). The 
striking finding, as Table III shows, is the absence of definite abnor- 
malities. Only in 2 kidneys were occasional arterioles found that were 


Table III 

Histologic Appearance of Ischemic Kidneys 


DOG 

NUMBER 

duration of 

ischemia 

GLOMERULI 

TUBULES 

INTERSTITIAL 

TISSUE 

ARTERIOLES 

K-A 

12 days 

Occasional 

hyalinization 

Normal 

Normal 

Abnormal 

K-B 

1 month 

Normal 

Normal 

Normal 

Normal 

J-4 

2 months 

Occasional 

hyalinization 

Normal 

Normal 

Abnormal 

K-4A 

5 months 

Normal 

Normal 

Normal 

Normal 

K-4B 

4 months 

Normal 

Normal 

Normal 

Normal 

T-2 

4 months 

Normal 

Normal 

Normal 

Normal 

T-l 

0 months 

Normal 

Normal 

Normal 

Normal 

T-B 

0 months 

Normal 

Normal 

Normal 

Normal 


thickened, but this was not a diffuse process, and in one of these kidneys 
the ischemia was produced but 12 days previously. Similar scattered 
arteriolar thickening occurred in some of our supposedly normal con- 
trol kidneys. 
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Goldblatt and liis associates 2 observed significant changes affecting 
tlie glomeruli and arterioles in 3 of their dogs with renal artery clamps. 
Child 18 also reported definite changes in the glomeruli, arterioles, and 
tubules of ischemic kidneys, but states that these changes were not pres- 
ent in mildly hypertensive animals, or in those animals which had not 
had renal ischemia for at least 3 months. Elaut, 10 however, in a similar 
study, found no changes in ischemic kidneys even after 18 months. Our 
results are based on a study of kidneys that were rendered ischemic 
less than 6 months earlier. 

THE POSSIBLE EXISTENCE IN THE BLOOD STREAM OP THE HUMORAL MEDIATOR 

OF RENAL HYPERTENSION 

A. Gross Transfusion of Blood Between Unamsihetized Renal-Hyper- 
tensive Dor/ and Un anesthetized Nonhypertensive, Bilaterally Nephrec- 
tomized Dog. — Attempts to demonstrate the presence of a humoral 
mediator with pressor properties in the blood stream of a dog with renal 
hypertension have been unsuccessful. 20 ’ 21 > 22> 23 Preliminary experiments 
in which we injected blood taken from renal-hypertensive dogs into 
normal dogs also failed to show any rise in blood pressure. In view of 
the experiments described in the preceding sections of this report, the 
possibility suggested itself that the lack of response might be due to the 
action of the normal kidneys in the recipient dog. Consequently, we 
planned to repeat the transfusions of blood from renal-hypertensive 
animals into nonhypertensive, bilaterally nephrectomized dogs. 

The experiments were planned to circumvent, as far as was feasible, 
the following possibilities: (a) that the humoral mediator might be 
present in extremely small concentrations, (b) that the presence of nor- 
mal kidneys might clear even this small quantity of the humoral medi- 
ator, (c) that the humoral mediator might require hours to manifest 
its vasopressor action, (d) that anesthesia might mask this effect, and 
(e) that in a dog without kidneys certain changes in its blood might 
occur which would have a vasodepressor action or in some other fashion 
prevent the action of the chemical mediator. 

Trained normal dogs whose blood matched that of the hypertensive 
animal were used in the experiment. Beginning a few hours after 
bilateral nephrectomy, after the dogs had recovered from the effects of 
the ether anesthesia, they were cross-transfused every 2 to 3 hours with 
renal-hypertensive dogs. Blood was drawn into 100 c.c. syringes, previ- 
ously rinsed in i/ 2 P G1 ' cent citrate solution, from the femoral artery of 
the hypertensive dog and transferred immediately in 100 c.c. quantities 
into the brachial vein of the bilaterally nephrectomized animal. After 
200 to 300 c.c. were transferred, the procedure was immediately re- 
versed, the nephrectomized dog now acting as the donor. This was re- 
peated many times. Thus the hypertensive dog received blood from the 
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neplireetomized dog to clear of uremic products, and the nephrecto- 
mized dog received hypertensive blood. Blood pressure determinations 
were made 1 hour after each cross-transfusion. A summary of the 
details of the four experiments of this type is given in Table IV, and 
typical changes in one of the bilaterally neplireetomized dogs are shown 
in Fig. 3. The hypertensive dogs used as donors had an elevated blood 
pressure of 30 to 102 days’ duration previous to the transfusion. From 
785 to 2400 c.c. of blood were cross-transfused during each experiment. 

It will be seen that despite all of these measures there was no rise in 
blood pressure in any of the neplireetomized dogs. It will be noted, 
however, that in the 3 dogs in which the blood pressure changes in the 
first few hours following the bilateral nephrectomy were measured a 
definite rise in pressure occurred, which is attributable to the nephrec- 
tomy itself. 



Fig. 3. — Typical cross-transfusion experiment showing effect on bilaterally nephrecto- 

mized recipient clog. 


The absence of any evidence of vasopressor action of renal-hyperten- 
sive blood in these long-continued cross-transfusions with unanesthetized 
neplireetomized dogs indicated that if a pressor substance is in the blood 
it must be present in extremely minute quantities or be extremely labile. 
The negative results cannot be attributed to a lack of time for the de- 
velopment of the rise in pressure, since our experiments continued much 
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longer than the time necessary for the blood pressure rise to occur after 
bilateral complete ligation of the renal arteries. 

The blood pressure curve in the bilaterally nephrectomized dogs re- 
ceiving hypertensive blood was identical to that of a bilaterally nephrec- 
tomized dog receiving normal blood. In short, the direct proof that 
there is a humoral mediator in the blood of renal-liypertensive dogs 
which acts to produce an elevation of pressure remains to be adduced. 

B. Hind-Leg Perfusion Experiments . — Equally negative results were 
obtained when a hypertensive animal was used as the donor in perfusing 
the hind leg of another dog. This procedure was used to determine 
whether or not the failure to obtain a pressor response in the cross- 
transfusion experiments might have been due to the slow rate of trans- 
fer of blood relative to the mass of tissue upon which it was to act. 


Tn AID TA1I1/ 



Z 1 ?- 4. — The perfusion apparatus consists of a pair of control pressure bottles of 
oOO c.c. capacity partially filled with blood and maintained at a constant level. These 
bottles are connected through an air trap with a large compressed air tank at a 
pressure of 60 mm. Hg. The blood temperature is maintained at 35° C. The blood 
from the bottles is permitted to flow into the femoral artery of the isolated recipient 
limb.' A very tight cutting tourniquet is applied to the limb above the cannulae. The 
dog is then bled to death and his blood is used as a reserve. The rate of blood flow 
from the isolated limb is measured at the femoral vein in a graduated cylinder and 
returned manually and continuously to the burettes connected to the femoral veins 
^ onor The rate of inflow into the donor dog is adjusted to keep pace 

with the rate of blood outflow via the femoral arteries in order to maintain a constant 
blood level. The adjustment of femoral vein inflow and femoral artery outflow of 
the donor dog is made by screw clamps. Discussed in text. 

A method for measuring the vasomotor changes under constant tem- 
perature and pressure in the isolated, denervated limb, as given by the 
outflow from the leg vein, is depicted in Fig. 4. 

In the first experiment (Fig. 5) we demonstrated that the perfusion 
of the isolated limb with blood from a nonhypertensive donor could be 
maintained constant within small limits over a long period, in this case 
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two and one-half hours. The blood vessels of this preparation at the 
end of this time were still responsive to the vasoconstrictor action of 
adrenalin. 

In this experiment, both donor and recipient were anesthetized with 
nembutal (25 mg. per leg.). We used the new purified heparin, recently 
developed by Scott and Charles, 24 in quantities sufficient to maintain the 
blood noncoagulable. A surplus pool of heparinized blood was obtained 
from a third dog to keep the perfusion system filled without diminish- 
ing the blood volume of the donor dog. Preliminary experiments 
showed that this procedure was essential to avoid shock. 


FLOW 

C.C./MIN. 


-* o 

"j 0 

< 9 

5 - 

g u. 

< o 



Fig'. 5. — Effect of protracted perfusion of nonhypertensive heparinized blood on flow 
in isolated denervated hind-limb preparation (nembutal anesthesia). 


The maintenance of a constant flow when the pressure head was con- 
stant and a response to adrenalin by the vascular system in this prep- 
aration at the end of 2 y 2 hours encouraged us to repeat the experiment 
with a hypertensive donor. The procedure was modified from that used 
in the preceding experiment. A hypertensive donor dog was prepared, 
as well as the nonhypertensive. Only one femoral artery and vein of 
each donor was cannulated, and both hind limbs of the recipient (about 
8 kg. in weight) were prepared (Pig. 6). One inflow bottle was con- 
nected to the artery of the nonhypertensive dog and the other to the 
artery of the hypertensive dog." At the start, both hind legs were per- 
fused with blood from the nonhypertensive dog. After 20 minutes, the 
right hind limb was perfused with 4100 c.c. of blood from the hyper- 
tensive dog in the next 100 minutes. While a slight slowing of flow 
occurred, it was no greater than the reduction of flow in this same 
period in the left hind leg, in which “nonhypertensive” blood was 
used. Furthermore, the vessels of the perfused hind limb were shown to 
be responsive to adrenalin at the end of the experiment. 


'"The hypertensive dog, T-32, had had renal hypertension for 65 days. 
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The possibility existed that the absence of a vasopressor action by the 
hypertensive blood was due to the depression by nembutal of the vaso- 
motor response — an action recognized in barbiturate anesthetics. The 
experiment was, therefore, repeated, using chloralosan as the anesthetic. 
According to Heymans (personal communication), chloralosan has lit- 
tle or no effect on vasomotor responses. In the experiment shown in 

FLOW 

C.C./MIH. 



Fig. C. — Effect on blood flow of hypertensive and nonhypertensive heparinized blood. 
In right, isolated, denervated, hind-limb preparation. Horizontal line below curve 
indicates period of perfusion with hypertensive blood. In the left, isolated, denervated, 
hind-limb preparation, nonhypertensive heparinized blood was perfused as a control. 


Pig. 7, therefore, the same procedure was used as in the preceding 
experiment except that chloralosan (95 mg. per kg.) was used as the 
anesthetic in all of the dogs — recipient, bleeder, normal, and hyperten- 
sive donors. In this experiment we found that the hypertensive blood 
caused an immediate vasodilatation when substituted for the nonhyper- 
tensive blood on three occasions, twice in tlie right and once in the left 
leg. In all three instances the substitution of nonhypertensive blood 
returned the flow at once to its previous level. The vasodilation de- 
creased progressively as perfusion of the hypertensive blood was eon- 
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tinned, apparently because of a local compensatory mechanism which 
persisted for a brief period after the perfusate was changed back to 
nonhypertensive blood. Two thousand five hundred c.c. of hyperten- 
sive blood were perfused into the right leg and 500 c.c. into the left 
leg within 50 and 15 minutes, respectively.® 


D 

O 



. , Fl £*. ° n Wood flow of hypertensive and nonhypertensive heparinized 

blood in right and left isolated hind-leg- preparation s, the horizontal line below flow 
curves indicates periods of perfusion with hypertensive blood. 


Tlie fact that a vasopressor action was absent in two experiments, 
and that a vasodilator action was present in one, is in accord with work 
of Prinzmetal, et al. 20 It indicates that various anesthetics may alter 
vasomotor response, or that the vasoconstriction responsible for the renal 

‘The renal hypertension in the hypertensive donor dog-, T-56, was of 7 davs' 

mirntinn ■ ** 



348 


THE AMERICAN HEART JOURNAL 


hypertension is in some other vascular bed than that of the extremity, 
or that the response occurs only when the leg is innervated or, most 
likely, that the amount of humoral mediator present in the blood stream 
is too small or too labile to exhibit its action in such perfusion experi- 
ments. At all events, we have failed to demonstrate directly the pres- 
ence of a humoral mediator in the blood of dogs with renal hypertension. 

RELATION OP BILATERAL NEPHRECTOMY AND BILATERAL RENAL ARTERY 

LIGATION TO HYPERTENSION 

We observed in the cross-transfusion experiments that bilateral 
nephrectomy led to an immediate rise in blood pressure in normal dogs, 
a phenomenon not mentioned elsewhere, to our knowledge. In order to 
elucidate the mechanism of this pressure rise, 7 more dogs were sub- 
jected to bilateral nephrectomy. Three other dogs were subjected to a 
mock operation resembling the double nephrectomy in all details except 
•only that the kidneys tvere not removed. For comparison, 2 dogs were 
subjected to complete bilateral renal arterial ligation. All of these 
operations were done under ether anesthesia and none of the animals 
in this series showed any evidence of discomfort after the operation. 
Blood pressures were measured frequently, beginning 1 hour after 
operation. 


Table V 


Effect of Bilateral Nephrectomy and Bilateral Benal Artery Ligation on 

Blood Pressure 


DOG 

CONTROL 

BLOOD PRES- 
SURE BEFORE 
OPERATION 
MM. IIG 

MAXIMUM 

BLOOD PRES- 
SURE LEVEL 

AFTER 

OPERATION 

MM. HG 

MAXIMUM 

RISE IN 

BLOOD PRES- 
SURE FOL- 
LOWING 
OPERATION 
MM. HG 

TIME LAG 

BEFORE 

BLOOD PRES- 
SURE RISE 

OCCURRED 

HOURS 

DURATION 

OF 

BLOOD PRES- 
SURE 

ELEVATION 

HOURS 

BLOOD PRES- 
SURE 

15 HOURS 
AFTER 
OPERATION 

MM. HG 

Bilateral Nephrectomy 


190/100 1 

225/130 

35/30 1 

1 

64 

215/105 


150/ S5 

1S5/100 

35/15 

1 

44 

155/ 85 

mmm 

195/100 

215/110 

20/10 

1 

64 

190/ 90 


105/ S5 

210/125 

45/40 

1 

11 

150/ 90 

T 4S 

145/ SO 

155/100 

10/20 

1 

24 

95/ 60 

T 74 

150/ SO 

1S0/105 

30/25 

1 

6 

150/ 70 

T 75 

150/ 75 

150/110 

0/35 

1 

6 

Dead 


Complete Bilateral Benal Artery Occlusion 


Bara i 

175/ 95 
140/ 70 

220/140 

205/125 

45/45 

05/55 

10 

1 

4S 

4S 

220/130 

180/120 

Control Mode Operation 

m 

105/ 90 
175/ SO 
170/ SO 

1S5/110 
1S5/ S5 
175/ SO 

20/20 

1 

5 

150/ 95 
1S5/ S5 
145/ SO 


•This (lop had renal hypertension at time of nephrectomy. 






























Fig. 9. — Typical effect of mock operation on blood pressuve. 
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The results are summarized in Table V and in typical curves shown 
in Figs. 7, 8, and 9. It will be seen that the mock operation had no 
significant effect on the blood pressure, whereas bilateral nephrectomy 
caused a temporary rise of as much as 45/40 mm. Hg, lasting up to 11 
hours. Further, this rise occurred even in an animal, K-42, with renal 
hypertension. The rise was not as great nor as persistent as that fol- 
lowing complete bilateral renal arterial occlusion. 


mgm. % 

MW. HG. 
200r 


I50h 


IOO 


BLOOD 

NPN 



■ ' ■ <- 
5 

HOURS 


10 15 


i i t ul 1 1 

20 25 



Fig. 10. — Effect of complete bilateral renal arterial ligation on blood pressure and 

blood nonprotein nitrogen. 


The possibility that the transitory hypertension following bilateral 
nephrectomy was due to the action of retained pressor substances nor- 
mally excreted or neutralized by the kidneys was dismissed when we 
found that unilateral nephrectomy in 3 of 4 instances caused a similar 
temporary rise in blood pressure. The results are shown in Table VI. 
Therefore, the most likely cause of the temporary hypertension is ir- 
ritation of afferent pressor nerves located in the neighboring rich nerve 
plexus. This reflex pressor response is probably unrelated to painful 
stimulation since repetition of the nephrectomy experiments on 5 dogs 
under the influence of morphine sulfate gave a similar temporary 
hypertension. 
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Table VI 

Effect of Unilateral Nephrectomy on Blood Pressure 


DOG 

CONTROL 
BLOOD PRES- 
SURE BEFORE 

operation 

MM. IIG 

MAXIMUM 

BLOOD PRES- 
SURE LEVEL 

AFTER 

OPERATION 

JIM. IIG 

MAXIMUM 
RISE IN 
BLOOD PRES- 
SURE 

FOLLOWING 
OPERATION 
MM. IIG 

TIME LAG 

BEFORE 

BLOOD PRES- 
SURE RISE 
OCCURRED 
HOURS 

DURATION 

OF 

BLOOD PRES- 
SURE 

ELEVATION 

HOURS 

BLOOD PRES- 
SURE 

15 HOURS 
AFTER 
OPERATION 
MM. IIG 

Other Kidney Remaining 

ianrn 

mmm 

225/120 

5o/:-:o 

1 

7 


Blip™ 


175/ 75 






m 

175/100 

25/25 

1 

51 




175/105 

35/30 

1 

of 



No Kidney Remaining 


Iv 47 


100/ 75 

mmmmm 



105/80 

K 49 


200/ 90 




200/90 

T 29 

■17352 ■ 

170/ 90 

HUH 



140/70 

T 6S 

175/75 

200/ SO 




100/05 

T 72 

125/05 

100/ 85 

■m 

21 

01 

120/00 


DISCUSSION 

The Importance of the Training Period and the Method of Recording 
Blood Pressure in Hypertension Studies 
We feel that some of the discrepancies in early work in this field were 
due to the use of general anesthesia or of untrained dogs when anes- 
thesia was not employed. These facts should be considered in evaluating 
contradictions. Our experience has convinced us that indirect blood 
pressure methods do not compare in accuracy with the direct method. 
We have, therefore, discarded the cuff method and are using the cali- 
brated needle-manometer of Hamilton. 

Very few studies have been reported in which the Hamilton manom- 
eter was used. Usually, the van Leersum carotid-loop method, giving 
only the systolic pressure, or femoral arterial puncture with a mercury 
manometer recording mean pressure, has been employed. In either case 
exaggeration of the pressure changes is likely to occur. Further, these 
methods fail to give any indication of the more important criterion of 
arterial hypertension — the diastolic pressure. The Erlanger-Koll-Cash 
sphygmomanometer may be used to measure both systolic and diastolic 
pressure indirectly, but, as pointed by Wood and Cash , 25 it is technically 
difficult. In short, in a field as full of variables as is that of experi- 
mental hypertension, it is advisable to utilize the most accurate method 
of blood pressure recording, the Hamilton manometer, in adequately 
trained dogs. Standardization of techniques used for the study will 
lead to comparable results and fewer apparent contradictions. 
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The Blood, Pressure after Nephrectomy 

Certain acute experiments in the field of hypertension require the use 
of nephreetomized animals. In the past, the consensus has been that 
nephrectomy causes a drop in blood pressure, 5 although Harrison, et 
al., 20 have reported a rise in 2 of their 12 dogs on the second and third 
postoperative days. In our experience, the pressure usually fell by the 
third day as the animal developed uremia. We know of no other re- 
ports of blood pressure changes in the first 20 hours after nephrectomy. 
In our cross- transfusion experiments we noticed a rise in pressure within 
an hour or two after nephrectomy. Had we not taken the pressures at 
this time, we might have been led to ascribe the elevation to the trans- 
fusions of hypertensive blood into the nephreetomized dog. This early 
pressure rise following nephrectomy might have complicated the results 
of the experiments of Houssay and Fasciolo, 11 in which normal and 
ischemic kidneys were transplanted into the necks of dogs. It is also 
possible that the initial elevation of pressure following transplantation 
of the kidneys, as carried out by Blalock and Levy, 10 might have been 
due to the removal of the kidney from its bed, and not to transitory 
ischemia. This transient hypertension resulting from nephrectomy 
must be taken into account in order to avoid erroneous deductions. 

The Relation of Renal Artery Ligation to Renal Hypertension and 
Renal Excretory Insufficiency 

The evidence available to date may be briefly summarized as follows : 

1. Unilateral nephrectomy does not produce chronic hypertension or 
gross renal excretory insufficiency (although there is a fleeting hyper- 
tension). 

I 

2. Unilateral renal artery clamping, when the other kidney is nor- 
mal, usually produces hypertension of varying duration, but does not 
produce gross renal excretory insufficiency. 

3. Unilateral renal artery clamping followed by removal of the nor- 
mal kidney usually produces either hypertension, or excretory insuffi- 
ciency, or both. 5 - 10 ’ 14 

4. Removal of an ischemic kidney, the remaining kidney being nor- 
mal, results in disappearance of the hypertension and no demonstrable 
gross impairment of excretory function. 5 * 10 ’ ctc - 

5. Bilateral renal artery clamping usually results in hypertension with 
or without renal excretory insufficiency. 2 

6. Complete ligation of both renal arteries causes hypertension and 
renal excretory insufficiency; in the terminal stages the hypertension 
may disappear. 27 ’ 5 

7. Bilateral nephrectomy causes only renal excretory insufficiency 
(excepting for a fleeting neurogenic hypertension). 



KATZ ET ATj. : RENAL HYPERTENSION 


353 


8. Complete occlusion of both the renal artery and vein causes only 
renal excretory insufficiency. 5 ’ 10 

9. Ligation of the renal vein causes renal insufficiency and may pro- 
duce hypertension. 28 

10. Ureteral obstruction causes renal excretory insufficiency with or 
without hypertension. 10 ’ 20 

11. Charcoal injected into the renal arteries produces multiple emboli, 
resulting in renal excretory insufficiency without hypertension. 29 

12. Trypsin injected into the renal arteries produces focal necrosis, 
resulting in chronic renal insufficiency with a transitory hypertension 
only during the acute inflammatory stage. 30 

13. Removal of almost all the kidney substance or partial occlusion 
of the arterial supply to both kidneys results in excretory insufficiency 
with or without hypertension. 25 

These experimental facts can be readily accounted for on the follow- 
ing assumptions : 

1. The origin of the fleeting hypertension caused by nephrectomy is 
different from that of the other forms of renal hypertension as outlined 
above. 

2. Renal hypertension is produced whenever the ratio of ischemic 
kidney substance to normally functioning kidney substance exceeds a 
certain value. This critical ratio can be produced when ischemic kid- 
ney tissue is present (a) by removing normal kidney substance, as by 
nephrectomy, destruction by emboli, or trypsin necrosis, etc., as Avell as 
by (b) increasing the amount of ischemic kidney substance. The 
greater ease of producing hypertension when the kidney’s excretory 
ability or reserve is hampered is thus accounted for. It would appear 
that there is an optimum degree of ischemia favorable to the production 
of hypertension, and that this is not dependent on the interference with 
excretory ability is shown by the results obtained following unilateral 
clamping. The primary mechanism of renal hypertension thus appears 
to be the presence of a critical amount of ischemic renal substance, the 
quantity being secondarily determined by the number of normally func- 
tioning excretory units. We feel that the ratio 

quantity of ischemic renal t issue 
quantity of normal renal tissue 

can be less than 1 and still produce hypertension, since persistent hyper- 
tension can occur after unilateral renal clamping with the other kidney 
normal. 5 

3. Renal excretory insufficiency is unrelated to hypertension, and 
occurs whenever the total number of excretory units is reduced below a 
critical level (about % of the normal total number of excretory units 
has been found to lie the limit below which gross excretory insufficiency 
appears 31 ’ 32 ). Chronic renal excretory insufficiency without chronic 
hypertension has been produced. 29 ’ 30 ’ 5 ’ 25 
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These three working hypotheses are in accord with the work reported 
to date. Studies in this field should logically he directed to determine 
(1) the details of the mechanisms whereby renal ischemia leads to hyper- 
tension, (2) the ways in which ischemia of the kidneys is produced 
clinically, and (3) what can he done to counteract or remove the influ- 
ence of the ischemic kidney. 


SUMMARY 

1. The genesis of the hypertension following renal ischemia (Gold- 
hlatt method) was reinvestigated in an attempt to demonstrate a hu- 
moral mediator in hypertensive animals. 

2. The average femoral arterial hlood pressure of 127 normal trained 
dogs, determined by the Hamilton technique, was 155/80 mm. Hg. The 
average brachial arterial hlood pressure of 16 normal trained dogs, de- 
termined indirectly, was 130/85 mm. Hg. 

3. The hypertension which developed in unilaterally neplirectomized 
animals was more severe and of longer duration than in those animals 
having a second normal kidney; 50 per cent of these animals died in 
uremia. 

4. Bilateral partial renal arterial occlusion was performed in 24 dogs, 
of which 85 per cent developed hypertension. This was more severe and 
longer in duration than when partial occlusion of only one renal artery 
was produced. The nonprotein nitrogen of the hlood usually became 
elevated following clamping, and 7 dogs died in uremia. 

5. The severity and persistence of the effects of renal ischemia de- 
pend on the presence of a normal kidney. This indicates that hyper- 
tension depends on the ratio of ischemic to normal renal tissue. 

6. Distemper was found to cause an alleviation or disappearance of 
renal hypertension; the hypertension recurred when the distemper 
was cured. 

7. Partial thyroparathyroidectomy did not affect the hlood pressure 
in renal hypertension. 

S. Histologic examination of ischemic kidneys in which ischemia had 
been present as long as 6 months failed to reveal any definite abnor- 
malities. 

9. Cross-transfusion of several liters of whole hlood for 18 or more 
hours between trained unanesthetized dogs with persistent renal hyper- 
tension and trained unanesthetized bilaterally neplirectomized non- 
hypertensive dogs failed to reveal any pressor response in the non- 
hypertensive dog. . 

10. Perfusion of large quantities of heparinized hlood over several 
hours from an anesthetized dog with persistent renal hypertension into 
the isolated denervated hind-limb preparation failed to reveal any 
vasopressor action. 
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11. A temporaiy hypertension lasting several hours was found to 
follow uni- or bilateral nephrectomy. This did not occur in control, 
mode operations. It is suggested that the transient hypertension follow- 
ing nephrectomy is neurogenic in origin. 

We are indebted to the various members of the department who have assisted, 
especially with the perfusion and cross- transfusion experiments. 
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THE SUPERNORMAL PHASE OP RECOVERY IN MAN 0 

D. Scherf, M.D., New York, N. Y., and A. Schott, M.D., 
London, England 

T HE two cases described in this report seem to demonstrate tlie pres- 
ence of a “supernormal phase” of recovery in the human heart. Ac- 
cording to Adrian and Keith Lucas, 1 the supernormal phase is a tem- 
porary overswing of the recovery curve of excitable tissue after the trans- 
mission of an impulse ; during this phase, stimuli of an intensity which 
at any other time would he subliminal become effective. 

Since very few cases illustrating the characteristics of supernormal 
phase in man have been published, and since this interpretation has been 
contested by competent authorities in some of them, the report of two ad- 
ditional eases seems warranted. 

Case 1 (Pig. 1) is one of partial heart block with dropped beats; right 
axis deviation is present. The tracings were sent to us for examination 
some time ago and, unfortunately, the clinical data are not available. 

In this and subsequent tracings the P-P, R-R, P-R and R-P (or P-Q 
and Q-P) intervals were measured, and- expressed in hundredths of a 
second. The P -waves are numbered consecutively. The mechanism of the 
underlying rhythm is illustrated by means of accompanying keys. Since 
the P-waves were not infrequently fused with preceding T-waves, ac- 
curate measurements could not be made in some cycles. However, on no 
occasion does the error exceed 0.03 second. This does not invalidate 
either the interpretation or the conclusions drawn relative to the under- 
lying mechanism. 

Pig. 1 A (Lead I) shows that the sinoauricular rate varies very little 
(P-P = 0.50-0.56 second; rate = 107-120 beats per minute). The trac- 
ing comprises thirteen ventricular complexes with sixteen P-waves, three 
of which (the fifth, tenth, and fourteenth) are blocked. Whereas in the 
usual case of dropped beats a gradual lengthening of the P-R interval 
leads up to the dropped beat, the increase of the second over the first 
P-R interval being greater than the increase of the third P-R interval 
over the second, conditions in this ease are different. There is no gradual 
lengthening of the P-R interval. At the beginning of the tracing (Pig. 
1 A), P-1 is fused with the T of the preceding ventricular complex and 
conducted with a P-R interval of 0.34 second. The next P, P-2, occurs 
much earlier in diastole, i.e., only 0.10 second after the beginning of the 
preceding initial ventricular complex and hence definitely before the be- 
ginning of T. Accordingly, one should expect that P-2 would be con- 
ducted more slowly than P-1, but actually its conduction time is shorter 

‘From the New York Medical College and Flower Hospital, and Guy’s Hospital 
London. 
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(P-R = 0.30 second). Owing to tlie faster conduction of P-2 and the 
resultant earlier appearance of the second QRS-eomplex, P-3 occurs com- 
paratively late in diastole (R-P interval = 0.26 second) ; therefore a 
more rapid conduction of this impulse, P-3, should be anticipated in ac- 
cordance with the usual relationship between the time of conduction and 
the length of the preceding recovery period. 2 Actually the reverse is ob- 



served ; P-3 is conducted in 0.40 second. The fourth P-wave, P-4, again 
occurs car ! 1 1 in diastole and again, contrary to the usual rule, is conducted 
in the short time of 0.26 second. Tiie fifth P-wave, P-5, occurring after 
an R-P interval of 0.26 second, is blocked. Similar conditions are shown 
in the remaining cycles of Fig. 1/i as well as in Fig. 12? and 1C. 
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Fig. IB obviously illustrates the same situation as Fig. 1 A. In Fig. 1C 
the P-waves are not quite so distinct, but their position can be deter- 
mined with a degree of accuracy sufficient to show that the same condi- 
tions prevail. The sixth P-wave is blocked; P-7 comes after a P-P in- 
terval of 0.56 second and follows the preceding Q-wave after 0.80 second; 
on the other hand, P-2 follows Q-2 after the lapse of only 0.14 second, 
but is conducted with a P-Q interval of only 0.30 second. The three 
auricular impulses having the shortest conduction times (P-2, P-5, and 
P-10, 0.30, 0.2S, and 0.29 second, respectively) are precisely the impulses 
which follow the preceding QRS-eomplexes after the shortest intervals 
(0.12-0.14 second). Here again, as far as the position of the P-waves 
can be ascertained, it seems that the earlier the P-wave occurs in diastole 
the shorter its A-Y conduction time. The only blocked P-wave in Fig. 1(7 
(P-6) occurs late in diastole (Q-P interval approximately 0.25 second). 
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Fig-. 2. — P-waves occurring earlier in diastole (shorter R-P distance) are followed 
by a shorter conduction time to the ventricle (shorter P-R) ; short R-P intervals 
and short P-R intervals (x) ; long R-P intervals and longer P-R intervals (.). 


In Fig. 2 the relations between the R-P and the following P-R intervals 
are shown diagrammatically by plotting the R-P intervals as abscissas 
against the P-R intervals as ordinates. The only figures employed were 
those obtained when accurate measurements could be secured. It will be 
noted that short R-P intervals, i.e., of less than 0.15 second, are para- 
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doxically followed by short P-E intervals, tip to 0.30 second (x), whereas 
after long E-P intervals (0.15-0.26 second) the P-E intervals range from 
0.32 to 0.41 second ( . ) . 

Accordingly, all three records show that auricular impulses occurring 
early in diastole are frequently conducted in a shorter time than those 
occurring late in diastole. Therefore, the length of the preceding recov- 
ery period cannot be the sole factor determining the length o.f the follow- 
ing P-E interval. Moreover, contrary to usual experience, those auricu- 
lar impulses which are blocked are usually not those which occur earliest 
in diastole, but latest. The fact that the auricular impulses which occur 
after equal E-P intervals are sometimes blocked and sometimes conducted 
is easily understood, since variations in the tone of the extracardiac 
nerves and in the excitability of the muscle 3 are known to produce this 
in the various ordinary types of partial auriculoventricular block. 

Accordingly, the principal features of this case can be summarized as 
follows : In a case of sinoauricular rhythm with partial heart block 
and dropped beats, eight auricular impulses occurring 0.15 to 0.26 sec- 
ond after the preceding ventricular beat are blocked, whereas forty-two 
sinoauricular beats occurring 0.10 to 0.26 second after the preceding 
ventricular beat are conducted. Those beats which show an unexpected 
decrease in the conduction time occur earliest in diastole (Q-P or E-P 
intervals, 0.10 to 0.14 second) . These facts seem to warrant the conclu- 
sion that in this case there was a supernormal phase of recovery for 
P-waves occurring 0.10 to 0.14 second from the beginning of the preced- 
ing QES -complex. 



Fig. 3. — Case 2. Prolonged P-R. interval. 


Case 2 (Pigs. 3 and 4). — The tracings were secured from an eighteen- 
year-old man suffering from myocarditis following tonsillitis. Several 
electrocardiograms showed merely sinus rhythm with lengthened auricu- 
loventricular conduction time (P-E interval = 0.31 second, Pig. 3). 
Upon one occasion only were conditions found similar to those evident in 
Case 1 (Pig. 4). 

This is also a case of partial heart block with dropped beats. The P-P 
intervals can be accurately measured at various places and the sino- 
auricular rhythm is found to vary but little (P-P = 0.55-0.64 second; 
rate = 93-109 beats per minute). By measuring this distance backward 
and forward from distinct P-waves, the position of those P-waves which 
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are fused with T -waves can he interpolated in this manner with a fair 
degree of accuracy. 

The sixth P-wave (P-6), following 0.30 second after the preceding 
ventricular complex, is blocked; P-7, coming 0.57 second after P-6 and 
0.87 second after the preceding ventricular complex, is conducted with 
the long P-R interval of 0.34 second ; however, the next sinoauricular im- 
pulse (P-8) occurs about 0.25 second after the preceding QRS and is 
conducted much faster (P-R = 0.26 second). Here again, the earlier in 
diastole a conducted sinoauricular impulse occurs, the faster it seems to 
be conducted. For example, P-3, coming after an R-P interval of 0.25 
second, is conducted in 0.25 second, whereas P-4, which occurs 0.30 sec- 
ond after the preceding ventricular complex, shows a P-R interval of 0.33 
second. . - .' 



Fig. 5. — P-waves appearing- earlier in diastole are paradoxically followed by shorter 
auriculoventricular conduction time. See Fig. 2 for symbols. 

Lead II (Fig. 4 B) shows the same situation very clearly. The third 
P-wavc (P-3) is blocked; therefore, P-4 occurs after a long period of 
recovery but is conducted with the long P-R interval of 0.35 second. The 
next sinoauricular impulse (P-5), occurring after the short R-P interval 
of 0.22 second, is conducted with a P-R interval of only 0.27 second; but 
the next P-wave (P-6), coming later in diastole (R-P = 0.30 second), is 
conducted much more slowly (P-R == 0.34 second). The last six beats 
exhibit even greater variations in the same sense. The ninth P-wave 
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(P-9) is blocked; P-10, coming after a long period of recovery, is con- 
ducted slowly (P-R = 0.37 second). The subsequent P-waves reveal the 
following time relationships: P-11 (R-P = 0.22 second; P-R = 0.29 
second), P-12 (R-P — 0.30 second; P-R = 0.42 second), P-13 (R-P = 
0.22 second; P-R = 0.30 second). 

Since many of the P-waves are fused with T-waves, too much impor- 
tance cannot be attached to the figures themselves, but the condition of 
conduction and of the subsequent P-R intervals can be definitely ascer- 
tained and is strikingly similar to that in Case 1. The phenomenon must 
be interpreted in the same way, namely, as indicative of the presence of 
a supernormal phase of recovery affecting, in this case, impulses occur- 
ring from 0.22 to 0.25 second after the beginning of the preceding 
QRS-complex. 

The diagram of Pig. 5 (Case 2) demonstrates clearly that short R-P 
intervals are followed paradoxically by short P-R intervals (x), whereas 
the auriculo ventricular conduction time after a longer diastole is usually 
much longer ( . ). 

DISCUSSION 

The two cases described are both examples of partial heart block with 
dropped beats showing certain peculiarities not commonly observed in 
such eases. In a great majority of instances of dropped beats, the 
omitted beat is preceded by a series of contractions exhibiting gradually 
increasing P-R intervals ; the first beat conducted after the dropped beat 
exhibits the shortest P-R interval. 2 Moreover, with rare exceptions, 4 ’ 5 
the increase of the second P-R interval over the first is considerably 
greater than the third over the second. The explanation of this peculiar 
manner of increase of P-R intervals in the usual case of dropped beats 
lies in the fact that the refractory period of the first beat after the pause, 
which is stronger than the others owing to the longer period of recovery, 
is longer than that of succeeding weaker ones, so that the second impulse 
meets tissues of considerably reduced responsiveness. This explanation 
is based upon experimental observations regarding the relation between 
the length of the refractory period and the length of the preceding rest 
period ; 6> 7 it is supported by the clinical observation that in some cases 
of partial heart block with gradually lengthening P-R intervals and 
dropped beats the second ventricular complex, and this one alone, may 
exhibit an abnormal shape owing to aberrant intraventricular conduc- 
tion. 8 

A comparison between the two cases under discussion and the usual 
variety of partial heart block' with dropped beats reveals a fundamental 
difference, namely, that in the two cases not only was the dropped beat 
never foreshadowed by gradually lengthening P-R intervals, but the first 
conducted impulse after the dropped beat was transmitted with a longer 
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P-R interval than some of the succeeding ones ; impulses falling early in 
diastole were conducted while those which were blocked occurred much 
later in diastole. Moreover, the earlier in diastole a sinoauricular im- 
pulse occurred, the shorter its conduction time usually was. This pecu- 
liar condition seems to us to be susceptible of explanation only by assum- 
ing that in these two cases a supernormal phase of recovery was present 
in early diastole during which an impulse yielded a response ; impulses 
falling later in diastole, and therefore after the supernormal phase, were 
below threshold and failed to elicit a response. Only after a long recov- 
ery period, created by the dropped beat, could the next impulse be trans- 
mitted to the ventricles ; but the lengthened P-R intervals of those beats 
are indicative of the extent to which the responsiveness of the tissues was 
impaired. 

A linear relationship between the R-P and the P-R intervals could not 
be traced in every instance. However, reference was made earlier to the 
fact that variations in the tone of the extracardiac nerves and in the 
excitability of the muscle are responsible for this alteration. 

A supernormal phase in the recovery curve was first described by 
Adrian and Keith Lucas 1 with regard to nerve fibers, and later by 
Adrian 0 in the case of cardiac muscle under definite experimental condi- 
tions (perfusion with a relatively acid fluid) ; this was confirmed by 
Wastl 10 and later by Gayda . 11 The absolute refractory period after the 
transmission of an impulse is followed by a relative refractory period 
during which the tissues, at first, respond only to strong stimuli and sub- 
sequently, gradually, to weaker ones ; but under certain conditions this 
recovery curve shows a temporary overswing. During this phase the 
tissues will respond to stimuli which would be subliminal at any other 
time. Consequently this phase was called the “supernormal phase.” 
Ashman 12 demonstrated the presence of a supernormal phase of recovery 
in the compressed turtle heart, and Isayama 13 reported it in the recovery 
of the swallowing center. Junkmaniv found that the supernormal phase 
in the frog heart is followed by a subnormal phase and that recovery of 
conductivity shows similar oscillations, although the peak of the “super- 
normal phase” is always below the normal resting level. Lewis and 
Master , 14 however, failed to find a supernormal phase in the dog’s heart, 
and Schellong 0 pointed out that the decrease of excitability and con- 
ductivity of the heart after a longer standstill and their gradual increase 
during the next few beats must be distinguished from a true super- 
normal phase. 

The number of observat ions indicating the presence of a supernormal 
phase in man is very small. Lewis and Master 15 and Ashman and Herr- 
mann 10 have published electrocardiograms showing conducted sinoauricu- 
lar beats during one part of early diastole only, which they interpreted 
as indicating the presence of a supernormal phase. However, Wenckc- 
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bach and Winterberg' 5 showed that the cases of Lewis and Master and 
Case 1 of Ashman and Herrmann could be interpreted as instances of 
dissociation with interference between a faster atrioventricular rhythm 
and a partially blocked sinoaurieular rhythm, the effective rate of the 
latter being slower than the atrioventricular rate, owing to the partial 
block, and that it was unnecessary to assume a supernormal phase in 
these cases. 

Luten and Pope 17 published a case of 3 :I block in which sinoaurieular 
impulses were conducted when they occurred in a “critical zone.” They 
explain this phenomenon by assuming a temporary increase of excitabil- 
ity of the ventricles, the cause of which remains obscure. In Wolferth’s 
case 18 of varying degree of heart block only those P-waves which oc- 
curred 0.45-0.70 second after the beginning of the preceding QRS were 
followed by QRS-complexes. While rejecting the assumption of a super- 
normal phase of recovery, this author explains this phenomenon by pos- 
tulating (1) a prolongation of the rest period in the block area prior to 
transmission produced by the meeting of an idioventricular impulse and 
an auricular one, and (2) a transient improvement of the nutrition of 
the area of block as the result of ventricular systole and increased blood 
flow. The latter would be analogous to the shortening of those inter- 
auricular intervals in cases of complete heart block during which an 
idioventricular beat occurs. Jervell’s patient 19 showed, at times, partial 
heart block and, at other times, complete heart block with occasionally 
conducted sinoaurieular beats; only those P-waves which followed 0.50- 
0.55 second after the beginning of the preceding ventricular complex 
were conducted. 

Jervell points out that in his case a supernormal phase is much more 
probable than dissociation with interference between an atrioventricular 
and a partially blocked sinoaurieular rhythm (5:1 block in his Fig. 2, 
irregular block in his Fig. 1), although the latter interpretation cannot 
be absolutely dismissed. 

In the two cases under discussion, the assumption of a supernormal 
phase seems to us the sole satisfactory explanation. Obviously, these 
cannot be cases of dissociation with interference, for this would not 
explain the fact that P-waves occurring early in diastole are conducted, 
whereas those coming later may be blocked; moreover, it would not ac- 
count for the longer interventricular intervals seen in Case 1 (those 
intervals are almost three times a£ long as the preceding P-R intervals). 
Nor can the explanation advanced by Wolferth for his case be applied 
since there is no complete block in our cases. Our interpretation of 
these cases as examples of the presence of a supernormal phase is based 
upon the following points : 

1. Only those P-waves which occurred over a limited period of early 
diastole were followed by a ventricular response, whereas sinoaurieular 
impulses occurring later in diastole were sometimes blocked. 
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2. When the P-waves were sufficiently distinct to allow accurate meas- 
urements to be made it was found that, within certain limits, the earlier 
in diastole the sinoaurieular impulses occurred, the shorter the P-R 
intervals with which they were conducted. The P-R intervals of beats 
occurring very early in diastole were considerably shorter than the P-R 
intervals of the beats which occurred after a dropped beat. The same 
relationship also seemed to exist when accurate measurements were im- 
possible owing to fusion of the P-waves with tire preceding T -waves, but 
when the position of the P-waves could be ascertained with a fair degree 
of accuracy because of the constant auricular rate. 

3. The usual lengthening of the P-R intervals leading up to a dropped 
beat was never observed in our cases. 

4. Alternative explanations, advanced in the literature for similar 
though not identical eases, were shown to be inapplicable to the two 
cases under discussion since the cases reported by others might be inter- 
preted as examples of dissociation with interference in the presence of 
partial block. 

5. In experimental studies the supernormal phase was noted when the 
tissues were surrounded by a relatively acid fluid; on the other hand, 
it has been shown that the rate of propagation of the excitatory process 
in perfused hearts of terrapins and dogs 20 and in the mammalian auri- 
cle 21 is decreased by relatively acid perfusates. In both of our cases the 
A-V conduction was greatly depressed, as shown by the considerable 
lengthening of the P-R intervals of the beats following a dropped beat. 
Although the assumption of an increased acidity of tissue fluids must 
remain hypothetical, it would be one factor which might account for the 
presence of a supernormal phase as well as for the lengthening of the 
P-R intervals of beats occurring after a long period of recovery. 

A discussion of the question of which property of the heart shows the 
supernormal phase, i.e., whether it is the excitability of the muscle or a 
special quality, “conductivity,” is not contemplated. Following Lewis, 22 
the writers prefer for the present to sum up those properties in the gen- 
eral term, tissue responsiveness. 

SUMMARY 

Two cases of partial heart block with dropped beats are described. 
They present the unusual feature that auricular impulses occurring at a 
certain early phase of diastole were conducted faster than those which 
occurred later in diastole. Those auricular impulses which were blocked 
occurred late in diastole and, within certain explicable limits, later than 
the conducted impulses. This phenomenon is explained by assuming a 
supernormal phase of recovery. 
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MYXEDEMA WITH MULTIPLE SEROUS EFFUSIONS AND 
CARDIAC INVOLVEMENT (MYXEDEMA HEART) 

Case Report* 

Eugene R. Marzullo, M.D., and Saverio Franco, M.D. 

Brooklyn, N. Y. 

T HE following ease of myxedema is being reported because the pa- 
tient had pericardial and pleural effusion and ascites with cardiac 
involvement (myxedema heart) and was successfully followed over a 
period of ten years. 

L. M. M., a white woman, 4S years old, was first admitted to the Long Island 
College Hospital Feb. 11, 1927, and thereafter was readmitted on six other occasions. 
On the first admission she complained of cough, shortness of breath, and early 
fatigue. She had been incapacitated for four months. As an adult, she was well 
until 1922. At this time she was in Scotland and there she sought medical aid 
because of weakness, shortness of breath, and swelling of the abdomen. Five 
abdominal paracenteses were done in a period of one year and each time about 
sixteen pints of fluid were removed. She improved, and on being discharged was 
told that she had “liver trouble.” Her family history was irrelevant. She was 
married at the age of 24 years and had three normal pregnancies and one spontane- 
ous miscarriage. No history of venereal infection. Her menopause occurred at the 
age of 47 years without unusual symptoms. 

Physical Examination on the first admission to the Long Island College Hospital 
revealed a moderately well-nourished woman 4S years of age. Her temperature was 
9S° F., her pulse rate 7G, her respiratory rate 20, and her blood pressure 1G5/110. 
The left border of cardiac dullness was in the midaxillary line and the right border 
of dullness 5 cm. from the midline in the fourth right intercostal space. On the 
left side of the lower thorax there was dullness with tubular breathing. The edge 
of the liver was 9 cm. below the costal margin. The abdomen was full. Dullness 
was present in both flanks and a fluid wave was elicited. There was no edema of 
the extremities. 

The erythrocyte count was 4, GOO, 000, the hemoglobin SO per cent, and the total 
and differential leucocyte counts normal. The blood IVassermann reaction was 
negative. Examination of the urine and chemical examination of the blood showed 
nothing abnormal. The total serum protein was 6.40%, the serum albumin 3.79%, 
and the serum globulin 2.G1%. A roentgenogram of the thorax suggested the 
presence of pericardial effusion. Pericardial paracentesis was done and 240 c.c. 
of a straw-colored fluid were removed. The specific gravity was 1.018; there were 
400 cells per c.mm., 99 per cent of which were lymphocytes. This fluid was sterile 
and guinea pig inoculation revealed no tubercle bacilli. The patient improved and 
left the hospital March G, 1927. 

•From the department of Medicine of Long: Island College Hospital. 

Received for publication Aug. 13, 1938. 
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Three weeks later she was readmitted because of a recurrence of her complaints 
and, in addition, swelling of the abdomen. Signs of pericardial effusion were again 
present. The liver extended 6 cm. below the costal margin and again an abdominal 
fluid wave was obtained. There was no edema of the legs. The hemoglobin was 
58% and the erythrocyte count 2,500,000. The urine contained a trace of albumin 
but no sugar; its specific gravity was 1.022; the microscopic examination was nega- 
tive. A roentgenogram of the thorax again confirmed the presence of pericardial 
effusion; 1200 c.c. were removed, and the fluid was found to have a specific gravity 
of 1.022 and an albumin content of 50 grams per liter. Culture of this fluid revealed 
no growth, and a guinea pig inoculation was negative. The abdominal fluid dis- 
appeared with salyrgan therapy. The patient was discharged improved. 

On June 5, 1927, she was readmitted because of recurrence of swelling of the 
abdomen, shortness of breath, swelling of the thighs, and weakness. Moderate edema 
of the face was present. Evidence of pericardial effusion and ascites was again 
present, and a pericardial paracentesis yielded 1200 c.c. of a straw-colored fluid 
which was sterile on culture and negative on guinea pig inoculation. Salyrgan was 
administered for the ascites. The patient improved and was discharged on June IS. 



Fig. 3. — Patient L>. M. on Oct. 5, 1934. 


The fourth admission took place on Aug. S, 1927. Symptoms and signs similar to 
those on previous admissions were present. This time a pericardial tap yielded 
1000 c.c. of a straw-colored fluid; the specific gravity was 1.020, and it contained 
2000 cells per cubic millimeter, 90 per cent of which were lymphocytes. This fluid 
contained 32 gm. of albumin per liter; it was sterile on culture, and a guinea pig 
injected with it remained well. The patient was discharged in a few days but was 
readmitted Oct. 4, 1927, at which time 2300 c.c. of fluid were removed from the right- 
pleural cavity. Salyrgan was administered for the ascites. 

In June, 1932, she was readmitted to the hospital. At this time she showed im- 
paired hearing, a mild degree of alopecia, and a dry, thin, wrinkled, aged-looking 
skin. The transverse diameter of the heart was found to measure 10 cm. in the 
fifth intercostal space. The heart sounds were faint and short. There was no evi- 
dence of pericardial fluid. The liver was palpable 3 cm. below the costal border. 
A tcleoroentgenogram at this time showed the heart to be moderately enlarged; this 
enlargement was left-sided, involving the left ventricle and left auricle. The homo- 
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glob in was Go per cent, and the blood cholesterol 357 mg. per 100 c.c. The basal 
metabolic rate was minus 50 per cent. At this time it was recognized that the patient 
was suffering from hypothyroidism, and it was conceived that all of her past symp- 
toms and signs might have been manifestations of myxedema. The experimental 
work of Tatum, i and of Goldberg, 2 gave support to this idea, and the patient was 
placed on thyroid therapy. On June 25, 1032, thyroid gland, in doses of 1 grain 
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The basal metabolic rate on July G was minus 5 per cent. An electrocardiogram 
showed but little improvement. On July 11 the blood cholesterol was 170 mg. per 
cent. On July 13 thyroid therapy was resumed in doses of 1 grain, three times 
per day. The basal metabolic rate on this day was minus 1G.9 per cent, and on 
August G it was minus 2.G per cent. When the patient was discharged she was given 
thyroid gland in doses of % grain three times per day, and 30 grains of ferric 
and ammonium citrates, three times per day. She continued to take % grain 
of thyroid gland three times per day by mouth, and entered the hospital Nov. 30, 
1932, for a comparative study. At this time it was noted that she was greatly im- 
proved, her color was better, her hemoglobin was 72 per cent and her hair had 



Fig. 5. — Teleoroentgenogram taken March 12, 1937. 


grown in and was thick. The skin had lost its thinness and was no longer dry. The 
edge of the liver could not be felt. A teleoroentgenogram showed no improvement. 
The electrocardiogram, however, showed improvement, especially in Leads II and III, 
in which the P- and T -waves were now evident. The basal metabolic rate was plus 
10 per cent. The patient was discharged in one day and advised to take % grain 
of thyroid gland, three times per day. She returned in February, 1933, for follow-up 
study. A teleoroentgenogram showed improvement. The basal metabolic rate on 
February 25, however, was minus 20 per cent. The dose of thyroid gland was 
increased to 1!£ grains three times per day, and on March 10 the basal metabolic 
rate was minus 2 per cent. At this time the patient had no complaints, and for 
the first time in seven years she was able to work and become self supporting. She 
has maintained this state of health on % grain of thyroid estract three times per 
day, with occasional periods of one to two weeks without any medication. 
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Experimentally, it has been known for a long time that collections of 
fluid in serous cavities may occur in thyroidectomized animals. 

In 1913, Tatum 1 encountered effusion in the pericardium and peri- 
toneum of thyroidectomized rabbits and, in 1927, Goldberg 2 reported 
collections of fluid in serous cavities in thyroidectomized sheep. 

The pathology of myxedema heart is not too well defined. We have 
seen a patient with myxedema die quite suddenly, and post-mortem 
examination of the heart grossly and microscopically showed a normal 
myocardium. 

Lei’man, Clark and Means 3 (1933) state that there have been five 
autopsies on “myxedema heart” patients at the Massachusetts General 
Hospital. Three died Horn complicating infections, one died of un- 
known cause, and one died of arteriosclerotic heart disease. Four 
showed interstitial edema, with more or less fibrosis of the heart muscle, 
and the fifth showed fibrosis only. Two of their autopsied patients who 
did not receive thyroid before death had fluid in the pericardial sac. 
One patient had 150 c.c. and the other had over one liter. They refer to 
the report of the Clinical Society of London, published in 18S8, in which 
pathologic findings in twenty cases were reviewed. One-third had left 
ventricular hypertrophy, one-half had arteriosclerosis. In nine eases a 
microscopic examination was done, and in three of these there was 
interstitial myocarditis. Goldberg 2 (1927) reported on seventeen ani- 
mals thyroidectomized at birth and autopsied after one to two years. He 
found ascites, anasarca, hydrothorax, hydropericardium, passive con- 
gestion of lungs and liver, and arteriosclerosis. The hearts were dilated, 
pale, and flabby. There was disintegration of the heart muscle fibers. 
From these findings the factors present in myxedema heart can be the 
following: (1) interstitial edema, (2) fibrosis, (3) pericardial effusions. 

It should be noted that not every patient with myxedema develops 
myxedema heart. Fahr 4 (1932) states that out of seventeen cases of 
severe and moderately severe myxedema, only thirteen (75 per cent) 
showed symptoms and signs of heart involvement. 

COMMENT 

It is interesting to note that this patient, when first seen, was con- 
sidered to have Pick’s disease. Tubei’culosis of serous membranes was 
considered and disproved by the fluid examinations, the negative results 
of guinea pig inoculations, and the clinical course. Cirrhosis of the liver 
was considered but could not be substantiated. There can be little doubt 
that this case was one of severe myxedema. Whether the effusions found 
in such cases are the direct result of congestive heart failure or are an 
exudative accumulation from myxedema per se has been questioned. In 
this case congestive heart failure did not exist and it could not therefore 
play a significant part in the production of the serous effusions. The 
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serum proteins were normal. The fact that the effusions recurred until 
adequate thyroid therapy was established suggests that myxedema alone 
was the principal factor in this case. 

The development of ascites in early life, at the age of 32 years, with 
subsequent effusion in the pericardium and pleura, and the successful 
ten year follow-up study are important, and allow a clearer understand- 
ing of the clinical course of myxedema. The importance of hypo- 
thyroidism as a possible etiological factor in the differential diagnosis in 
such cases is emphasized. 

In this case the high blood cholesterol (340 mg. per 100 c.c.) became 
normal (ISO mg.) after approximately one and a half years of thyroid 
therapy. The electrocardiogram became normal after almost three years 
of treatment and the heart size did not become normal until six years of 
treatment had elapsed. 


CONCLUSION 

A ease of severe myxedema is presented in which there were the usual 
signs of myxedema heart and polyserous effusions. The patient has been 
under treatment for ten years and continues to be well. The effusions 
occurred in the absence of significant congestive heart failure and it is 
suggested that myxedema per se was the cause of the effusions. 

The authors express grateful thanks to Dr. Alexis Mays of Brooklyn for his 
cooperation in the interpretation of the electrocardiograms, and to Dr. A. L. L. Bell 
of Brooklyn for his kind help in the study of the teleoroentgenograms. 
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MYOCARDIAL INFARCTION WITH RUPTURE OF THE SEPTUM 

Report of a Case 0 

Roy W. Scott, M.D., and Curtis F. Garvin, M.D. 

Cleveland, Ohio 

L ATHAM, 1 in 1845, was the first to describe rupture of the infarcted 
i septum of the heart. From time to time others have described the 
clinical and pathologic features of this condition so that Sayer, 2 in 1934, 
was able to collect seventeen cases, to which he added one more. Since 
then Kepler, Berkman and Barnes, 3 Master and Jaffe, 4 Nadler, 5 Mahr- 
burg, c Bickel and Mozer, 7 Huber, 8 Gross and Schwartz, 9 Stern, 10 and 
Stanley 11 have reported additional cases. 

In only three cases of rupture of the infarcted septum has the correct 
diagnosis been made during life. 11 Most of the errors have probably 
been due to lack of familiarity with the condition. Briefly, the symptoms 
and signs are those of myocardial infarction plus the distinguishing find- 
ings of an interventricular septal defect. The picture of myocardial in- 
farction is well known and need not be described. Since the intra- 
ventricular pressure is higher in the left than in the right ventricle, 
patency of the septum permits the passage of blood between the two 
chambers during systole and causes a loud systolic murmur over the 
whole preeordium, often accompanied by a palpable thrill. 

case report 

C. M., a 56-year-old white man, American, entered the Cleveland City Hospital 
Jan. 17, 1931. He had been in good health until Jan. 3, 1931 (two weeks before ad- 
mission), when he suddenly became dizzy and fell over unconscious. He remained 
unconscious for two days. Subsequent!}' he was completely disoriented and had 
various delusions and hallucinations. He was accordingly admitted to the psycho- 
pathic division for observation and treatment. 

General physical examination at the time of admission gave essentially negative 
results except that there was evidence of rather marked arteriosclerosis. The heart 
was normal. The blood pressure was 135/90. 

On neurological examination, the pupils were large and equal but did not react to 
light or in accommodation, and the consensual reflex was absent. The muscles sup- 
plied by the oculomotor nerve were paralyzed on the right and were weak on the 
left. The tendon reflexes were slightly increased on the left and there was a ques- 
tionable hyperesthesia of the right side of the face. 

The Wassermann reaction on the blood and the spinal fluid was negative. 

It was felt that the patient had generalized arteriosclerosis, arteriosclerotic 
dementia, and vascular thrombosis with encephalomalacia in the midbrain. 

*From the Department of Medicine of Cleveland City Hospital and the School of 
Medicine of Western Reserve University. 

Received for publication Aug. 29, 1938. 
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The hospital course was uneventful until Feb. 21, 11931, when the patient was 
found to have a temperature of 39° C. and a respiratory rate of 40 per minute. No 
history could be obtained from the patient. Examination at. this time failed to dis- 
close the cause of the fever and increased respiratory rate. 

Four days later, February 25, rales were found at the bases of the lungs, and the 
patient was considered to have bronchopneumonia. The temperature remained at 39° 
C. and the respiratory rate was 30 per minute. 



Fig. 1. — Photograph of left ventricle with arrow indicating the septal defect. 


On March 2, over the entire precordium there was heard a loud systolic murmur 
which was transmitted to the base of the heart and to the left axilla. The murmur 
lasted throughout systole and was accompanied by a palpable thrill. The thrill 
was very accessible and the murmur was intense. At this time there were signs of 
consolidation at the right base. The leucocyte count was 22,400 iter cubic millimeter. 

The blood pressure was 9S/00. The temperature continued to average 39° C. and 
the respiratory rate varied between 40 and 50 per minute. 

It was believed that the patient had bronchopneumonia and, associated with this, 
bacterial endocarditis of the aortic valve. 

Blood cultures were taken but showed no growth. The patient died March 12, 
1931, twenty days after the onset of his acute illness. 

The final clinical diagnoses were: Generalized arteriosclerosis; arteriosclerotic 
dementia; vascular thrombosis with enccphalomalacia in the midbrain; broncho- 
pneumonia, right lower lobe; acute bacterial endocarditis involving the aortic valve. 
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A post-mortem examination was performed the day following death. The heart 
weighed 550 gm. The right auricle showed many marantic thrombi. There was an 
irregular funnel-shaped hole in the anterior portion of the interventricular septum 
approximately midway between the apex and the base (6 cm. from the apex). This 
fistula between the ventricles measured 1.1 cm. in its anteroposterior dimension and 
l.S cm. in its vertical dimension on the left ventricular side (Fig- !)• The opening 
on the right ventricular side was roughly circular and measured 1 cm. in diameter 
(Fig. 2). The edges of the lesion consisted of necrotic muscle tissue. The entire 
area of necrosis was rouglilj r circular and measured 3 cm. in diameter. Anteriorly, 
the area extended through to the epicardial surface over the interventricular septum. 



Fig-. 2. — Photograph of right ventricle with arrow indicating the septal defect. 


The coronary arteries all showed marked arteriosclerosis, which was so severe as 
to cause occlusion of the right posterior descending ramus, but no thrombus was 
present. 

The brain showed three areas of encephalomalacia, none of which exceeded 1 cm. 
in any dimension. They were located in the anterior portion of the thalamus, in 
the posterior pole of the corpus striatum, and in the pons. The cerebral arteries 
were markedly sclerotic. There was an infarct in the lower lobe of the right lung. 

Microscopic examination of the interventricular septum revealed large areas in 
which the muscle fibers had lost their characteristic staining affinities. The nuclei 
were pale-staining, pyknotic, and in places showed karyorrhexis. There were areas 
of acute necrosis and of leucocytic infiltration. The cellular infiltrations were like- 
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wise undergoing necrosis. The vessels in the section showed moderate thickening of 
the walls, especially of the intima. The lesion was definitely that of acute infarction. 

The final pathologic diagnoses were: Generalized arteriosclerosis, moderate; 
coronary sclerosis, severe, with occlusion of posterior descending ramus; acute 
myocardial infarction of interventricular septum with fistula formation between 
right and left ventricles; cerebral arteriosclerosis, severe; multiple areas of en- 
cephalomalacia ; cardiac hypertrophy and dilatation; pulmonary artery thrombosis; 
pulmonary infarct, right lower lobe. 


COMMENT 

This case was very characteristic of rupture of the infarcted inter- 
ventricular septum. The condition is rare and usually not recognized 
clinically, but nevertheless is susceptible of diagnosis if it is remembered 
that the symptoms and signs are those of myocardial infarction plus 
those of an interventricular defect. 
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Gregg, Donald E., and Dewald, Donald: The Immediate Effects of the Occlusion 
of the Coronary Veins on Collateral Blood Flow in the Coronary Arteries. Am. 
J. Physiol. 124: 435, 193S. 

It lias been established after acute coronary sinus ligation that : 

The peripheral coronary backflow is markedly elevated in the ramus descendens 
anterior (up to 39 c.c. per min.), but not in the right coronary. 

The maximum retrograde flow is reached in from ten to thirt}^ minutes and 
following sinus release does not immediately return to the control backflow figure 
(maximum of approximately 1.0 c.c. per minute). * 

The blood is highly unsaturated, containing only 3 to 4 volumes per cent 
oxygen. 

Such a volume of blood with its low oxygen content is not sufficient to prevent 
failure of contraction when central occlusion of a coronary ramus is added to 
sinus ligation and hence is of no material value to the potentially infarcted myo- 
cardial area. 

Authors. 


Hubener, G.: Intraventricular Conduction Defects. Deutsche med. Wchnschr. 64: 
1222, 193S. 


This is a report of 66 cases of intraventricular conduction defects. The old 
terminology is used in classifying the location of the lesion. 


WOMEN MEN 

3 19 

0 1 

1 24 

2 16 


6 60 

The author fails to understand the difference between sexes. 


The age incidence was 45 to 85 years, except one woman who was 35 years 

CASES 

old. 

CASES 

No symptoms 

7 

Blood pressure above 230 

4 

Dyspnea 

5 

Blood pressure, 160 to 230 

32 

Congestive cough 

2 

Blood pressure, 130 to 159 

22 

Angina pectoris 

28 

Blood pressure below 130 

8 


Twenty-four patients showed no changes in x-ray shadow. 

The form of the block did not seem to affect mortality. Three cases had been 
observed forty-five to forty-eight years, twelve cases, thirty-six months. 

For therapy, digitalis was used, only reluctantly and in minimum doses. 
Quinidine was given prophylactically against auricular fibrillation and flutter. 

Jensen. 


Right-sided bundle branch block 
Left-sided bundle branch block 
Incomplete double-sided block 
Transition between complete and in- 
complete block 
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Enghoff, H., and Liedholm, K.: Concerning Cheyne-Stokes Breathing. Upsala 

lakaref. forli. 44: 1, 1938. 

A historical survey shows that the phenomenon has especially been studied 
by Traube and by Fileline. The literature on the symptomatology is fully dis- 
cussed. Cheyne-Stokes breathing occurs in direct injury to the brain, especially 
the medulla, as a result, of breathing air poor in oxygen, in hibernating animals, 
in children just as they are about to go to sleep, also during sleep at a certain 
depth, both physiologic and when produced by drugs. It occurs in degenerative 
heart disease, valvular heart disease, and in many diseases involving the central 
nervous system, including diabetic and uremic coma. The various attempts at 
explaining Cheyne-Stokes. breathing are discussed; it may be an exaggeration of 
a normal phenomenon. 

Cheyne-Stokes phenomenon involves respiration, circulation, and the central 
nervous system. Respiratory phases alternate with periods of apnea; the change 
between the two is gradual, and when respiration is most intense, the expiratory 
effort is diminished. The onset of the respiratory phase is more abrupt than its 
cessation. When the respiratory phases are measured with the subsequent periods 
of apnea the entire period is more constant than when they are measured with 
the preceding periods. These facts indicate that the period begins with the re- 
spiratory phase. There is a definite negative correlation between the respiratory 
phase and the subsequent interval, but no correlation between the respiratory 
phase and the preceding interval. This finding is tested statistically. This is 
contrary to the usual relationship between livperpnea and apnea, and they can, 
therefore, not be cause and effect. During the respiratory periods, hyperventila- 
tion is produced by increase in the number of respirations, not by increasing the 
depths of the individual respirations. Blood pressure and electrocardiogram are 
not affected by Cheyne-Stokes respiration. Carbon-dioxide and oxygen inhalations 
and metaphyllin will sometimes relieve the symptom. 

The authors conclude that the respiratory change is the primary factor and 
that the cause is in the respiratory center. Perhaps there is an inherent rhythm 
of the center, normally under control of higher centers, but occasionally dis- 
sociated therefrom. Jensen 

Robb, Jane Sands, and Robb, Robert C.: Localization of Cardiac Infarcts in Man. 

Am. J. M. Sc. 197: 7, 1939. 

This review of the published cases of various authors illustrates the essential 
agreement between the topographic (anterior and posterior) and the specific 
(muscle bundle) methods of localization. Among the cases surveyed, there 
are no glaring discrepancies, i.e., no anterior or posterior localization which 
could not equally well be explained by muscle bundle localization. On the other 
hand, instances are quoted where the muscle bundle localization would reconcile 
published discrepancies, e.g., right or left, and the “confusing cases” discussed 
by various authors. The muscle bundle method offers four specific types of electro- 
cardiograms and a basis for analysis of combined lesions, whereas the T„ T 3 
method of classification is shown not to include all the commonly found com- 
binations and moreover, T„ T 3 classifications are not necessarily mutually ex- 
clusive. Autjious. 

Robb, Jane Sands, and Robb, Robert C.: Localization of Cardiac Infarcts in Man. 

Am. J. M. Sc. 197: 17, 1939. 

The T„ T, method of localization is valuable where infarcts occur in the more 
common localities, and under these conditions there is close agreement with ^ 1C 
muscle bundle method. 
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Numerous authors report difficulty in localization when the infarcts involve 
an unusual site. 'When a reciprocal relation of T, to T a is lacking, application of 
this principle becomes difficult. It is shown that this reciprocal relation often is 
lacking. 

The muscle bundle method of localization, supported by experimental work, 
has been applied to the analysis of seventy-seven cases, forty-eight with ade- 
quate autopsy reports from literature and twenty-nine new reports. When one 
of the four characteristic electrocardiograms appears there is no doubt as to the 
muscle involved, but to specify which portion, or the extent of the lesion, or the 
cause of the disturbance in conduction within the one muscle bundle is not 
possible. 

A short review of the superficial and deep bulbo- and sinospiral muscles to- 
gether with their function and blood supply is offered. 

As a “thumbnail” diagnostic method one may ignore Lead II and note that 
B-T, depression indicates involvement of the superficial bulbospiral muscle; if 
It-'T, is depressed the deep sinospiral must be implicated; and superficial sino- 
spiral lesion raises both E-T t and B-T a above the iso-electric level. B-T takeoff 
from the peak of E (or near the peak) in all leads, especial]}' in the presence of 
low voltage, indicates a deep bulbospiral lesion. Inequality of the E bases is to 
be sought and its presence is more instructive than its amplitude. 

Clinical findings may fortify the experimental conclusions and the electro- 
cardiographic interpretation in the following respects: Severe pain is often present 
when the superficial muscles are involved, and if the lesion is anterior a friction 
rub may be heard. Deep muscle injuries precipitate large and abrupt falls of 
blood pressure associated with variegated and atypical pain sensations generally 
accentuated by effort. 

Inference as to etiology from the electrocardiogram alone is not justified, since 
many different pathologic changes may result in a similar effect on conduction. 

Displacements of E-T do not disappear ns rapidly clinically as when infarction 
is experimentally produced by ligating a vessel in an otherwise normal heart, for 
seldom does one find in man occlusion of one vessel without disturbance of the 
collateral circulation (Gross and Calef). 

We confirm the findings of Harris and Hussey and of Gross and Calef, modifying 
the conclusion of the latter to read “occlusion of the left anterior descending 
coronary artery proximal to the branch to the deep sinospiral and distal to the 
origin of the circumflex branch results in B-Tj elevation and E-T, depression.” It is 
shown that this type of record can be obtained from right and from posterior 
lesions as well. 

The superficial muscles may be infarcted repeatedly and death may ensue when 
a deep muscle is eventually involved, or from some noncardiac cause. 

The prognosis for deep sinospiral lesions is graver and treatment of an attack 
should be more rigid and much more prolonged. 

Infarcts of the deep bulbospiral are even more serious and often result in 
sudden death. 

Authors. 

Hedley, O. F.: Incidence of Rheumatic Heart Disease Among College Students 

in the United States. Public Health Eeports 53: 1635, 1638. 

Among 104,163 student health examinations in eighty-six colleges and uni- 
versities in the United States, 1,207 cases of rheumatic heart disease, a rate of 11.6 
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per 1,000, -were reported. Among 63,S2S men students, 607 cases, or 9.5 per 1,000, 
were reported, while among 40,335 women students, 600 cases, or 14.9 per 1,000, 
were indicated. 

The reported incidence of rheumatic heart disease showed an inverse relation- 
ship to the size of the college or university and the number of student health 
examinations reported. 

In fourteen large universities with affiliated medical schools reporting at least 
1,500 student health examinations, and where student health services are affiliated 
with the American Student Health Association, among 46,09S student health ex- 
aminations 296 cases were reported — an incidence of 6.4 per 1,000. 

It is doubtful whether sex is an important factor in the incidence of this dis- 
ease among college students. 

In contradistinction to adult type pulmonary tuberculosis, the reported in- 
cidence of rheumatic heart disease is lower in institutions with well-organized 
health services. The problem in rheumatic heart disease is not primarily case- 
finding but the detection and interpretation of physical signs. 

While it is suggested that persons with physical signs suggesting heart disease 
or having past histories of rheumatic infection be subjected to complete cardio- 
vascular survej-s, there is no objective method for the mass diagnosis of rheumatic 
heart disease comparable to tuberculin testing and x-raying the chest for the de- 
tection of adult type pulmonary tuberculosis. The diagnosis of rheumatic heart 
disease is dependent in a large measure on the interest, skill, and experience of 
the individual examining physician. For this reason, the services of well-qualified 
consultants should be obtained wherever feasible to pass upon doubtful cases and 
to evaluate the functional status of known cases. 

To a certain extent it is almost inevitable that more diagnoses of heart disease 
are made in smaller institutions. Even under the most favorable circumstances it 
is difficult to evaluate certain physical signs suggesting heart disease. 

An unwarranted diagnosis of heart disease may seriously affect a student’s 
career, both in college and in later years. Painstaking examinations and kindly 
reassurance are necessary to dispel cardiac neuroses. 

In the diagnosis of rheumatic heart disease it should be borne in mind that it is 
an acquired condition due to an infection. In most cases where a significant his- 
tory and physical signs are indicative of this disease, the examination should be 
interpreted in the light of the past and present history of rheumatic infection, to- 
gether with its influence upon functional capacity. 

Author. 

Baker, Thomas W., and Willius, Fredrick A.: Coronary Thrombosis Among 

Women. Am. J. M. Sc. 196: 815, 193S. 

Only two striking differences were noted in coronary thrombosis among women, 
as compared with men. The first is its relative infrequeney among women; the 
ratio of men to women approximates 7 to 1. The second striking difference is the 
tendency for the disease to occur later in life among women; the average age of 
women was 6 years greater than the average age of men. The relatively late 
appearance in life is presented more vividly if one recalls the fact that, in this 
series of cases, coronary thrombosis was recorded in S9 per cent of the cases in 
which women were between the ages of 50 and SO years and in 79 per cent of cases 
in which men were of the same age. It appears justifiable, therefore, to assume 
that women are less susceptible to the development of coronary thrombosis than 
are men, and that when it occurs among women, it tends to occur later in life. 

The association of hypertension, diabetes mellitus, and other conditions appears 
only to bear a relationship compatible with the predominant age periods rep- 
resented by the group of patients included in this study. 


Authors. 
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de Boer, S.: Researches on the Electrocardiogram. Cardiologia 2: 292, 1938. 

Lewis’ theory of limited potential differences was criticized by experiments. 

By experiments it was demonstrated that it is impossible to determine the 
direction of the contraction wave through the heart by Lewis’ method. 

According to Craib a monophasie curve can be produced only (1) if the heart 
is suspended in the air, (2) if the excitation wave passes under one electrode, 
(3) if the impulse dies out at a region exhibiting conspicuous injury current. 
This theory is not right, in all three respects. De Boer obtained monophasie 
curves during the small alternating sj’stoles (therefore without injury current) 
with indirect lead (the excitation wave, therefore, does not pass under one elec- 
trode). The hearts were left in situ (therefore, not suspended in the air). 

The ventricular electrogram of extrasystoles and the after-retardation of the 
excitation wave are rendered intelligible in the light of the interference theory. 

The author demonstrated that it is only possible to explain all the known facts 
if one accepts the interference theory. ‘ 

Author. 

Grossman, Edward B., and Williams, John R., Jr.: Relation of Age to Renal 

Pressor Substance. Arch. Int. Med. 62: 799, 1938. 

Extracts containing renal pressor substance (renin) were administered to 
rats of various ages in doses proportional to the body surface. The youngest rats 
(6 to 10 weeks old) showed the least rise in blood pressure; the oldest (2% years) 
displayed the greatest pressor effect, and intermediate responses were displayed 
by rats of intermediate age (6 months to 2 years). On the other hand, the 
youngest rats had the most pressor substance in their own kidneys, and the 
oldest rats had the least. 

The greater sensitivity of the oldest animals to renal pressor substance did not 
appear to be dependent on a general increase in reactivity to all pressor agents, 
for the administration of epinephrine produced as great a rise in blood pressure in 
the young as it did in the older animals. 

The experiments suggest a possible relation between the increased sensitivity of 
senile rats to renal pressor substance and the tendency of elderly persons to show 
hypertension. However, it is concluded that no convincing evidence of such a 
relation exists at present. 

Authors. 

Massie, Edward, Ethridge, Clayton B., and O’Hare, James P.: Thiocyanate 

Therapy in Vascular Hypertension. New England J. Med. 219: 736, 1938. 

Sodium thiocyanate was administered according to the method of Barker 
under carefully controlled conditions to fourteen patients suffering from un- 
complicated vascular hypertension. 

Prior to the administration of sodium thiocyanate all direct therapy was dis- 
continued and control observations were made for three months. There followed 
a test period of like duration during which a 5 per cent solution of sodium thio- 
cyanate in syrup of wild cherry was given orally. This interval was followed by 
another control period of three months during wdiich the syrup alone was ad- 
ministered in comparable dosage. 

The dosage was controlled by the blood cyanate concentration, the optimum 
level of which was found to range between 5 and 7 mg. per cent. The daily 
amount of sodium thiocyanate which produced and maintained this level varied 
for different patients. 
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A lowering blood pressure was obtained in every case. The average fall 
ranged from 60 to 21 mm. systolic and 33 to S mm. diastolic. 

Marked symptomatic relief, especially of headache, nervousness, and vertigo, 
was obtained in twelve of the patients. 

Toxic symptoms observed were occasional episodes of transient weakness and 
infrequent attacks of mild epigastric distress. In addition, nausea, vomiting, and 
marked weakness occurred in one patient and three attacks of angina pectoris in 
another. 

The authors conclude that tliioej-anate therapy constitutes a useful remedy for 
the treatment of uncomplicated vascular hypertension, provided dosage can be 
properly controlled by means of blood-cj’anate determinations. 

This method necessitates careful selection, observation, and regulation of the 
patient. The extent of its clinical application to the treatment of vascular 
hypertension is somewhat limited by these requirements. 

Naide. 

East, Terence, and Barnard, W. G.: Pulmonary Atresia and Hypertrophy of the 

Bronchial Arteries. Lancet 2: S34, 193S. 

Two cases of complete pulmonarj r atresia in patients reaching adult life are 
described. In these patients the bronchial arteries were the only channel for 
the blood to the lungs, for the ductus arteriosus was closed. 

Two other published cases are quoted for comparison. The possibility of the 
diagnosis of pulmonary atresia according to the physical signs is suggested. 

Authors. 

Suzman, M. M., Freed, C. C., and Prag, J. J.: Studies on Experimental Peripheral 

Vascular Disease, With Special Reference to Thromboangiitis Obliterans. South 

African J. M. Sc. 3: 29, 193S. 

The etiology of thromboangiitis obliterans with special reference to the role 
of vasospasm in the genesis of the disease is considered and the similarity of the 
lesions of Buerger’s disease to the trophic changes produced by ergotamine 
tartrate is pointed out. 

Neither a single small (1,000 I. U.) nor a single large dose (100,000 I. U.) of 
ovarian follicular hormone afforded complete protection against the trophic 
changes produced by ergotamine tartrate in both male and female rats. 

The administration of repeated small doses (500 I. U.) of ovarian follicular 
hormone completely protected female rats from the trophic changes produced by 
ergotamine tartrate, whereas in the males only a very slight degree of protection 
was afforded. 

Preliminary castration of male rats did not affect the extent of trophic changes 
produced bv ergotamine tartrate. 

The administration of ovarian follicular hormone to castrated male Tats afforded 
complete protection against the trophic changes produced by ergotamine tartrate. 

The possibility of hormonal influence in the etiology of thromboangiitis 
obliterans is discussed, consideration being given to the rarity of the disease in 
female subjects and to the relationship of the ovaries and of ovarian follicular 
hormone to the blood volume and blood viscosity in human subjects and experi- 
mental animals. 

Possible reasons are given for the protection afforded to male rats by the com- 
bined effect of castration and ovarian follicular hormone. 


Authors. 
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Bazett, H. C.: The Effect of Heat on the Blood Volume and Circulation. J. A. 

M. A. Ill: 1841, 1938. 

The effects on the blood volume and circulation of high temperatures applied in 
acute experiments or treatments of short duration are contrasted frith those of 
milder temperatures continued chronically for days. In an analysis of the effects 
of heat it is necessary to distinguish the parts played by (a) local dilatation in 
the cutaneous vessels with its accompanj'ing local increases in the rate of flow, 
capillaiw pressure, and fluid transudation; (b) compensatory reduction of the 
vascular bed in areas other than the skin, which allows dilatation in the cutaneous 
vessels even when the blood volume is unchanged or reduced; (c) increases in 
blood volume on exposure to heat which form an alternative method of com- 
pensation in lieu of vasoconstriction; and (d) alterations in cardiac output. 

The part played by each of the factors is discussed in detail. Experiments 
with steady, moderate, but maintained rise in environmental temperature, similar 
to that present during the summer, reveal a significant increase in blood volume 
which apparently is an adaptation to the prolonged peripheral vasodilatation pro- 
duced by exposure to moderate heat over a period of days. 

The importance of these studies is discussed in relation to their application in 
the use of heat as a form of therapy. 

Naide. 

Both, Grace M., Williams, Marvin M. D., and Sheard, Charles: Changes in the 

Skin Temperatures of the Extremities Produced by Changes in Posture. Am. 

J. Physiol. 124: 161, 193S. 

Observations of the effects of posture on the skin temperatures of the toes and 
fingers were made under environmental conditions which did not produce either 
great vasoconstriction or great vasodilatation of the extremities but which 
permitted the fingers and toes to act as the fine adjustors in the control of the 
dissipation of heat from the bod,y. Under environmental temperatures ranging 
from 23 to 30° C. (73.4 to 86° F.) with the subjects in the basal metabolic state 
and free from sweating of the extremities, the skin temperatures of the toes and 
fingers decreased when the extremities were elevated and increased when the 
extremities were pendent. When the posture of the body was changed from 
the horizontal, either voluntarily or when placed in an angular position bj r means 
of a tilt-table, the skin temperatures of the toes increased, when the body was 
tilted with the feet downward and vice versa. These results probably are due to 
changes in the peripheral circulation as a result of changes in hydrostatic pressure. 

Hines. 


Heim de Balsac, B.: The Bight Auricle. Fortsclir. a. d. Geb. d. Bontgenstrahlen. 

57: 73, 1938. 

The author presents evidence that the right border of the heart is made up ex- 
clusively by the right auricle and the superior and inferior vena cava. A 
pathologic aorta may encroach upon this border as well as an enlarged left auricle 
which appears at first at the upper part of the right auricular border, gradually 
extending downwards as the left auricle increases in size. It • seems that the 
author does not think that it produces any change of the left contour. He ex- 
plains the pulsations of the kymogram of the lower part of the right border usu- 
ally ascribed to the right ventricle to an indirect effect. In this area, the right 
ventricle completely overpowers the auricle, moving that portion of the heart as a 
whole, completely obliterating the individual right auricular pulsations. 


Jensen. 
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CORONARY SCLEROSIS 

An Analysis of Nine Hundred Twenty-Eight Cases 

B. J. Clawson, M.D.® 

Minneapolis, Minn. 

' I ’HERE are three conditions frequently associated with angina and 
sudden death which have to be considered in a study of deaths due to 
coronary insufficiency. These are aortic stenosis, syphilitic aortitis, and 
atherosclerosis of the coronary arteries (coronary sclerosis). 

About 15 per cent of individuals with aortic stenosis severe enough to 
cause death die suddenly, and angina is common. The cause of the 
angina and sudden death in these cases is still a debated question. All 
theories so far offered to explain the cause assume a coronary insuffi- 
ciency. 

More than 20 per cent of patients with syphilitic aortitis die more or 
less suddenly, and angina and sudden death are also common in this 
group. The cause of the angina and sudden death is obvious. The 
orifices of the coronary arteries are narrowed by intimal thickening of 
the aorta. 

The most common cause of angina and cardiac sudden death, how- 
ever, is coronary sclerosis of atherosclerotic type with or without coro- 
nary thrombosis and infarction. It is with a study of this group that 
this paper deals. 

No attempt is made to review the literature on coronary disease be- 
cause this has recently been well done by Levy 1 and his coauthors in 
“Diseases of the Coronary Arteries and Cardiac Pain.” 

MATERIAL 

The cases studied were all autopsy cases aud were described in the records of 
the department of pathology at the University of Minnesota during the years 1.910 
to 1936, inclusive. Many of the hearts have been restudied. In others the records 
had to be relied upon, as the hearts had not been preserved. All histologic ma- 

»This study was aided by a grant from the Graduate School of the University of 
Minnesota. J 

From the Department of Pathology, University of Minnesota. 

Received for publication Sept. 29, 1938. 
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terial -was restudied. There were 92S cases for study, but information on the 
various conditions analyzed was not always available in all cases ; hence some of 
the tables contain less than the total number. 

• INCIDENCE 

White 2 lias observed that coronary sclerosis as a cause of heart dis- 
ease varies somewhat in its relative incidence in different parts of the 
world, largely according to the frequency of such other causes as rheu- 
matic heart disease, hypertension, and syphilitic aortitis. He. also em- 
phasized the necessity of stating whether we refer to coronary sclerosis 
of a degree severe enough to cause death or just to the presence of 
atherosclerosis in the coronary arteries. The latter condition is present 
in a high percentage of persons, especially in those 40, or more, years old. 

In all of the cases included in this study there was severe involvement 
of the coronary arteries, and death was considered as being due pri- 
marily to coronary disease. 

The 928 cases in our series constituted 24 per cent of the 3,872 cases 
of death from noncongenital cardiac disease that occurred in 23,972 
autopsies (4 per cent of all deaths in patients above 6 months of age, 
and 6 per cent of all deaths of patients 40 years old, and above). Since 
heart disease is the most common cause of death, the importance of coro- 
nary sclerosis becomes evident. Dublin 3 believes that the incidence of 
death from coronary disease is increasing. 

CLASSIFICATION 

On a clinical basis Levy classified patients with coronary sclerosis into 
five groups: (1) those with no symptoms and sometimes without signs, 
the latent group; (2) those with congestive heart failure; (3) those 
with cardiac pain; (4) those with digestive disturbances; and (5) those 
with thrombosis. 

We placed our autopsied patients in two groups: (1) those with 
hypertension and (2) those without hypertension. The first corre- 
sponded in general to Levy’s second group, those with congestive heart 
failure. These included most of the hospitalized patients. Our second 
group, or those for the most part without hypertension, corresponded in 
general with Levy ’s first group, the latent group, or those with no symp- 
toms or signs. Cases which belong in this second class are more fre- 
quently seen by the pathologists than by the internists. This type of 
sudden cardiac death is commonly seen in a coroner’s service. These 
two groups (those with hypertension and those without hypertension) 
are further analyzed in respect to etiology, outstanding clinical char- 
acteristics, and pathologic findings. 

ETIOLOGY 

The primary exciting cause of coronary sclerosis cannot be stated 
until the cause of arteriosclerosis is understood. This is far from being 
known at, the present time. 
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Age . — Coronary sclerosis may be present at a very early age, even as 
early as a few weeks, but the degree of sclerosis referred to in this discus- 
sion is rarely found under 30 years and most of the patients are much 
older. Table I gives an analysis of 923 cases in regard to age. The great- 
est number of patients died in the fifth, sixth, seventh, and eighth dec- 
ades ; only six died in the third decade. The youngest was 22 years old. 
The ages of those in the nonhypertensive group were scattered over a 
greater range (fourth to ninth decades). The disease is definitely one 
of adults. 

Table I 


Ages and Sex op People Dying With Coronary Sclerosis (923 Cases) 


DECADES 

j WITH HYPERTENSION j 

WITHOUT HYPERTENSION 

MALES | 

FEMALES | 

MALES | 

1 FEMALES 

o 

D 

1 

0.2% 

0 

0% 

5 

1% 

0 

0% 

4 

7 

1.5 

i 

0.2 

33 

6.5 

1 

0.2 

5 

46 

11.0 

7 

1.5 

SO 

15.5 

7 

1.5 

6 

So 

20.5 

IS 

4.5 

135 

26.5 

16 

3.0 

7 

in 

27.0 

39 

9.5 

116 

22.5 

24 

5.0 

S 

62 

15.0 

20 

5.0 

58 

11.0 

10 

2.0 

9 

14 

3.0 

3 

1.0 

M 

3.0 

9 

1.5 

10 


0.0 


0.0 

1 

0.2 


0.0 


326 

78.2 

SS 

21.7 

442 

86.2 

67 

13.2 


Sex . — Males are regularly regarded as being more commonly afflicted 
with coronary sclerosis than females. In our series of 923 cases (Table 
I) there were 76S males and 155 females, a ratio of nearly 4.9 to 1. This, 
however, is not the ratio in the entire population in Minnesota, for in 
our material in these decades the ratio of males to females coming to 
autopsy is 2 to 1. As corrected, our ratio of males to females should be 
768 to 310, or about 2.5 to 1. It is evident that death from coronary 
sclerosis must be expected in females. 

Hypertension is the most common suggestive etiologic factor in coro- 
nary sclerosis. On the other hand, coronary sclerosis of severe grade is 
frequently seen without any evidence of hypertension. In our study 
two criteria were used for determining the existence of hypertension: 
(1) a history of high blood pressure, and (2) cardiac hypertrophy in 
the absence of valve defect or any other known cause of hypertrophy. 
Heart iveights of 500 gm., or more, in males and 450 gm., or more, in 
females were the minimum weights regarded as indicating that hyper- 
tension had existed. Hearts with weights slightly below these figures 
probably were also hypertensive hearts, but were not classed as such in 
this study. 

By using these criteria it was found (Table II) that 418 (45 per 
cent) of the 928 patients with coronary sclerosis had hypertension ; 510 
(55 per cent) were placed in the nonhypertensive group. But it is 
quite evident from the weight of the hearts that many in the latter 
group also probably had hypertension. In 224 of these 510 the hearts 
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of the males weighed 400 gin., or more, and of the females 350 gm., or 
more. Considering these as probable hypertensive cases the number of 
patients with hypertension is raised to 642, or 69 per cent of the entire 
group of 928. This incidence of hypertension with coronary sclerosis 
(69 per cent) is practically the same as was previously estimated from 
another series by a study of heart weights and the presence of arteriolo- 
sclerosis in the kidneys. 4 This high incidence of hypertension with coro- 
nary disease appears to be more than a coincidental finding. 


Table II 

Frequency of Hypertension With Coronary Sclerosis (928 Cases) 


History, plus, or heart weights 500 gm. 
or more in males (202) and 450 gm. or 
more in females (216) 

History, minus, or absent with heart 
weights below 500 gm. in males and 450 
gm. in females 

418 — 45 per cent 

510 — 55 per cent 


History, plus, or heart weights 400 gm. 
or more in males and 350 gm. or more in 
females 

History, minus, or absent with heart 
weights below 400 gm. in males and 350 
gm. in females 

642 — 69 per cent 

2S6 — 31 per cent 



CLINICAL CHARACTERISTICS 

The clinical considerations noted were duration of symptoms, pain, 
conditions under which death occurred (effort, rest, etc.) and dyspnea. 

Duration . — Adequate histories on duration of symptoms were re- 
corded in 877 of the 928 cases. The duration of symptoms was com- 
pared in the hypertensive and nonhypertensive groups. Table III shows 
the durations as divided into four groups in respect to time: (1) those 
who died suddenly or who had symptoms lasting but a few minutes; 
(2) those with symptoms lasting from one liour to one month; (3) those 
with symptoms lasting from one month to one year; and (4) those who 
had symptoms lasting from one year to five years, or more. 


Table III 

Duration of Clinical Course in Coronary Sclerosis (S77 Cases) 


DURATION 

WITH 

IIYFERTENSION 

WITHOUT 

HYPERTENSION 

TOTAL 

Sudden to few minutes 

52 


196 


248 

2S% 

1 hour to 1 month 

91 

22.5 

117 

24.5 

20S 

24 

1 month to 1 year 

10S 

26.5 

73 

15.5 

1S1 

20.5 

1 year to 5 or more years 

151 

37.5 

| S9 

18.5 

240 

27 


402 

99.5 

MEeSm 

99.5 

877 

99.5 


In the first group (those dying suddenly or in a very short time) the 
manner of death was described by the following terms: “dropped dead,” 
“fell dead,” “found dead,” and “died in a few minutes.” Thirteen 
per cent of the 402 in the hypertensive group and 41 per cent of the 475 
in the group without hypertension were found to have died somewhat 
suddenly. The frequency of sudden death was considerably greater in 
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the nonhypertensive group. The number of sudden deaths among those 
dying in from one hour to one month was about the same in the two 
groups. As the duration of symptoms increased from one month to one 
year the percentage ratio of the hypertensive group to the nonhyper- 
tensive increased to 26.5 to 15.5. Of those having symptoms from one 
year to 5 or more years, 37.5 per cent were in the hypertensive group 
and 18.5 per cent in the nonhypertensive group. It would appear that 


people dying of coronary sclerosis associated with hypertension tend to 
have symptoms for a longer time than those without hypertension. In 
fact, nearly one-half of those without hypertension had no recorded 
histories. 

Pain was the most common symptom recorded. It was localized in 
different places: heart, chest, precordium, substernal region, epigas- 
trium, abdomen, gallbladder region, retrosternal region, shoulders, gas- 
tric area, between the scapulas, back, throat, and posterior part of neck. 
The pain was described as being referred to shoulders, arms, hands and 
fingers, hips, legs, elbows, and jaws. It was characterized by the fol- 
lowing terms: “cardiac,” “tightness in chest,” “pressure in chest,” 
“sharp,” “eramplike,” “viselike,” “shooting,” “choking,” “asth- 
matic,” “constrictive in chest,” “numbness,” “knifelike,” “gastric 
disturbance,” “indigestion,” etc. 

Pain was recorded as being present in the group with hypertension in 
60 per cent of the eases, and absent in 3 per cent (Table IV). No men- 
tion of pain was made in 37 per cent. In the group without hyper- 
tension, pain was recorded as present in 49 per cent, absent in 1 per 
cent, and not mentioned in 50 per cent. In the entire number of 928 
cases pain was recorded as present in 54 per cent, absent in 2 per cent 
and not mentioned in 44 per cent. There was a record of pain in more 
than 50 per cent. It is quite likely that it was present in a larger num- 
ber, but not recorded. Many of the patients, especially in the nonhyper- 
tensive group, died suddenly without any recorded histories. 


Table IV 

Frequency of Pain With Coronary Sclerosis (928 Cases) 


PAIN 

WITH 

HYPERTENSION 

WITHOUT 

HYPERTENSION 

TOTAL 

Present 

250 

60% 

251 

49% 

501 

54% 

Absent 

12 

3 

6 

1 

18 

2 

Not mentioned 

156 

37 

253 

50 

409 

44 

Total 

418 

100 

510 

100 

928 

100 


Pain was the most constant symptom, but other complaints were of 
dyspnea and edema, fainting, dizziness, paralysis, gastric distress, symp- 
toms resembling disease of the gallbladder, asthma, rheumatism, etc. 

Conditions Under Which Death Occurred . — The way in which death 
occurred has much importance, especially from a medicolegal point of 
view. Many terms were used to explain how death occurred in our 
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eases. The following were some of the most common ones: “fell dead,” 
“dropped dead,” “found dead in, going to, or coming from the bath- 
room,” “died suddenly while walking, at work, at home, in hospital, in 
bed, in automobile, on train, on street, on way to hospital, sitting in a 
chair, waiting in line for pay check, after putting out washing, putting 
up stove, following sneezing, on golf course, while digging ditch, in 
restaurant, running an elevator, after changing an automobile tire, run- 
ning to catch a streetcar, at a wrestling bout, emptying waste, after 
struggle, packing for a trip, tripping on rug, picking flowers, in chiro- 
practor’s chair, in barber’s chair, after eating his wedding dinner, under 
tree during thunder shower, on way to doctor’s office, while delivering 
a speech, upon receiving a bouquet of flowers from her husband.” Many 
other terms were used, but the foregoing include those relating to effort, 
rest, emotion, etc. 

In analyzing these cases the conditions under which death occurred 
were placed in the following groups: (1) effort (work, play, other ef- 
fort) ; (2) rest (in hospital, at home, in room, in bed, and other rest) ; 
and (3) miscellaneous (bathroom, found dead or died suddenly, while 
eating, with excitement). Eight hundred sixty-seven (867) eases were 
analyzed (Table V). 

Table V 


Conditions Under Which Death Occurred With Coronary Sclerosis (SG7 Cases) 


CONDITION 

WITH 

HYPERTENSION 

WITHOUT 

HYPERTENSION 

TOTAL 

Effort 

21 


2.5% 

G7 


7.5% 

ss 

10% 

work 


'43% 



77.5% 



G9.5 

play 


9.5 






7.0 

other effort 


47.5 






23.5 




33% 

324 


37% 

G52 

75% 



7S% 



52.5% 



Go 



9 



14.0 



11.5 

room 


2 



7.0 



4.5 

home 


9 



14.0 



11.5 

other rest 


2.5 



12.5 



7.0 

Miscellaneous 

34 


4% 

93 


10.5% 

127 

14.5% 

bathroom 


20.5% 



15% 



16.5 

found dead 









or sudden 


7G.5 



79.5 



7S.5 

eating 


3.0 



1.0 



1.5 

excitement. 


0 



4.5 



3.0 

Total 



44.5% 

4S4 

mm 


SG7 

100% 

Total noneffort 



41.5% 

417 

1 


779 

90% 


Ten per cent died while engaged in some effort, as work, play, going 
through a fire test, policeman arresting a man, running up a flight of 
stairs, changing a tire, running to catch a streetcar, wrestling, packing 
a suitcase, sneezing, etc. A greater per cent, in the nonhypertensive 
group died while at work, probably because they were able to work. In 
other forms of effort the greater percentages were in the hypertensive 
group. 
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In 75 per cent of the 867 cases analyzed death occurred while the pa- 
tient was at rest, as in the hospital, in bed, in a room, at home, in a 
chair, in a sleeping car, in a saloon, in jail, in a doctor’s office, picking 
flowers, in a barber’s chair, in an elevator, in a streetcar, in a taxicab, 
in an automobile, and on a train. The numbers were about equal in the 
hypertensive and nonhypertensive groups. The greatest number were 
at rest in the hospital. The final condition which sent the patients to 
the hospital, except in a very few cases, was not in any way associated 
with effort. Most of the patients came to the hospital on account of 
symptoms of congestive heart failure. Some came because of 'noncardiac 
conditions, as hypertrophy of the prostate, etc. 

Fourteen and one-half per cent, of the S67 cases were placed in the 
miscellaneous group, because the conditions under which these patients 
died could not be related to effort or rest. There seemed to be a definite 
relation between going to or coming from the bathroom and coronary 
attacks. Sixteen and one-half per cent of those in this miscellaneous 
group died at such a time. Those found dead or those who died sud- 
denly comprised 78.5 per cent of the group. Only a small number died 
while eating. Excitement seemed to have little to do in precipitating 
an attack. 

It is of interest to note the small number (10 per cent) who died 
while at work or while engaged in any effort and 1 lie larger number 
(75 per cent) who died while at rest. These facts might have some 
bearing upon the pathologic physiology concerned in bringing about 
death in coronary sclerosis. Blood pressure is lower at rest. This might 
aid in the formation of a thrombus. There appears to be no indication 
of a tendency for death from coronary occlusion to occur while at work. 
The contrary is suggested. 

The great contrast in the number of those who died while at rest and 
those who were working (G52:S8 or 7.4:1) is significant from the stand- 
point of workmen’s compensation. The number dying with effort is 
probably not more than would be expected under the natural course 
of events. 

PATHOLOGY 

The anatomic changes noted in cases of death from coronary disease 
are for the most part seen best by gross examination, but. the minute 
changes in the vessels and most of the fibrosis of the myocardium re- 
quire the aid of a microscope. The things observed are atherosclerosis 
and thrombosis in the vessels, and hypertrophy, fibrosis, infarction, and 
rupture of the myocardium. Mural thrombosis following infarction is 
seen on the endocardium. Noninfectious pericardial adhesions, fibrinous 
and fibrous, are seen over the infarcted areas. There are also the asso- 
ciated pathologic changes, as passive congestion and edema. 

Vessels . — The degree of involvement in the left and right coronary 
arteries is shown in Table VI. The degree of sclerosis is expressed in 
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grades of + to Four plus indicates severe thickening and cal- 

cification of the coronary arteries, so that the lumens. are completely 
closed as far as can lie determined by gross examination. The degree 
indicated by + is but a slight amount of intimal thickening; +4 and + 4 + 
are intermediate stages. 


Table VI 


Degree of Sclerosis in tile Coronary Arteries in Cases in Which Death Was 
Due to Coronary Sclerosis (900 Cases) 


DEGREE OF LEFT AND 
RIGHT CORONARY 
SCLEROSIS 

WITH 

HYPERTENSION 

WITHOUT 

HYPERTENSION 

TOTAL 

13 o til *H4* 

to +44+ 

244 

59 . 5 % 

279 

57 % 

523 

5 S % 

Left ++++ 

Right 44 

65 

15.5 

85 ! 

17 

150 

17.5 

Left •H'4’ 

Right + 

41 

10.0 

SO i 

16 

121 

13.0 

Left 4-H- 

Right 44 

20 

5.0 

IS 

3.5 

3 S 

4.0 

Left *1 H* 

Right + 

17 

4.0 

15 

3.0 

32 

3.5 

Loft 

Right 44 

15 

3.5 

6 

1.0 

■ 21 

2.5 

Left *H~ 

Right + 

1 

0.2 

4 

1.0 

5 

0.5 

Right +44+ 

Left 44 

5 

1.0 

1 

0.2 

6 

0.5 

Right ++++ 

Left + 

2 

0.5 

2 

0.5 

4 

0.5 

Right +44 

Left *i~t* 

0 

0.0 

0 

0.0 

0 

0.0 

Right +++ 

Left + 

0 

0.0 

0 

0.0 

0 

0.0 

Right ++ 

Left + 

0 

0.0 

0 

0.0 

0 

0.0 

Total ! 

410 

99.2 

490 

99.2 

900 

100.0 


In 900 cases the description of coronary involvement was complete 
enough to permit a fairly accurate evaluation of the degree of sclerosis. 
Fifty-eight per cent showed involvement of +- H - to - h - B - in both arteries. 
In 17 per cent there was involvement of 4+4 in the left coronary and 4+ 
in the right. In 13 per cent it was left ■ h i- i - and right +. Involvement 
of left +++ and right 4-4- comprised 4 per cent. Left -+++ and right + 
comprised 3.5 per cent. Two and one-half per cent of the patients died 
with what was estimated as left ++ and right +. Right -H- H - and left +4 
and right ++++ and left + were small, 0.5 per cent each. 

The left coronary artery, generally the anterior descending branch, 
was the one most severely affected. It was also found that fewer deaths 
resulted from right arterial involvement than from left, with the same 
degree of involvement. The percentage of deaths in the hypertensive 
and nonhypertensive groups with a like amount of arterial change was 
practically the same. 

Thrombosis of one or both coronary arteries is a common complica- 
tion of coronary sclerosis. Thrombosis of a nonsclerotic vessel is rare. 
Coronary emboli, except for small emboli in subacute bacterial endo- 
carditis. are also rarely seen. "When they do occur there is no relation 
to coronary sclerosis. 

Nine hundred nineteen of our cases were sufficiently well described 
to determine that coronary thrombosis was present. Thrombosis of one 
or both coronary arteries was found in 45.5 per cent of the cases (Table 
VII). It was present in the left artery in 32.5 per cent, in the right in 
10 per cent, and in both in 3 per cent of the cases. 
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Table VII 

Frequency op Thrombosis With Coronary Sclerosis (919 Cases) 


arteries 

WITH 

HYPERTENSION 

(410) 

WITHOUT 

HYPERTENSION 

(509) 

TOTAL 

Left 

158 

38.5% 

143 

28% 

301 

32.5% 

Right 

48 

11.5 

43 

8.5 

91 

10 

Both 

14 

3.5 

13 

2.5 

27 

3 

Total 

220 

53.5 

199 

39.0 

419 

45.5 


Thrombosis was more common in the hypertensive group (53.5 per 
cent) than in the nonhypertensive group (39 per cent). There was gross 
evidence of thrombosis in less than half of the deaths from coronary 
disease. Its occurrence was less in the group without hypertension, in 
which sudden death was more common. 

Myocardium . — The pathologic conditions observed in the myocardium 
were hypertrophy, infarcts, mural thrombi, and areas of fibrosis not due 
to infarcts. The latter may require microscopic examination for their 
detection, but gross, irregular areas of fibrosis are not infrequently seen. 

Cardiac enlargement was the most common change observed in the 
myocardium. In speaking of cardiac enlargement it is necessary to know 
whether enlargement as shown roentgenologieally is meant, or hyper- 
trophy which is indicated by increase in size and weight at autopsy. In- 
crease in size as shown roentgenologieally indicates dilation, while 
increase in weight represents hypertrophy. The two conditions, however, 
are regularly associated. The enlargement mentioned in this paper is 
that observed at autopsy and is due to hypertrophy (increase in weight) . 


Table VIII 

Cardiac Enlargement (Hypertrophy) in Cases of Coronary Sclerosis (923 

Cases) 


GRAMS 

WITH HYPERTENSION (414) 

WITHOUT HYPERTENSION (509) 

MALES 

FEMALES 

MALES 

FEMALES 

250-299 

300-349 

350-399 

400-499 

450-499* 

500 or more 

0 

9 } 3.6% 

16 

19 

276 

10 ( 3-!% 

15 

14 

46 

231 

82 [-50.3% 
1511 

125 

57 

2 f}5.7% 

22 

20 

Total 

326 

8 S 

43S 

71 


*450, or more, for females. 


Cardiac hypertrophy, as indicated by a weight of 400 gm., or more, in 
males, and 350 gm., or more, in females, was noted in all but twenty- 
eight of the 414 cases (93.2 per cent) in the hypertensive group (Table 
VIII). An increase in heart weight was not so common in the nonhyper- 
tensive group ; 224 of the 509 (44 per cent) showed hypertrophy. In the 
total of 923 cases hypertrophy was noted in 610 (66 per cent) ; 34 per 
cent of the entire group showed no hypertrophy. All had severe coronary 
sclerosis. A causal relationship between coronary sclerosis and hyper- 








396 


THE AMERICAN HEART JOURNAL, 


trophy is not. supported. It seems more reasonable to believe that the 
hypertrophy was due to hypertension, which was noted with practically 
the same frequency as the hypertrophy. 

Two theories have been advanced to support the belief that cardiac 
hypertrophy may be due to coronary sclerosis: (1) compensatory hyper- 
trophy of heart muscle following myocardial fibrosis, and (2) hyper- 
trophy due to ischemia of the heart muscle. 


Table IX 

Degree ok Myocardial Fibrosis Associated With Coronary Sclerosis (37 Cases) 



CORONARY 

SCLEROSIS 

myocardial fibrosis 

Severe 

37 

100% 

IS 

4S.5% 

Slight 


- 

17 

40 

Absent 

- 

- 

2 

5.5 


The compensatory hypertrophy theory, while seeming to have some 
reasonable basis, is not borne out by microscopic findings in the myo- 
cardium in cases of coronary sclerosis (Table IX). Thirty-seven hearts 
were examined. Severe coronary sclerosis was present in all and there 
was also cardiac hypertrophy in all, but myocardial fibrosis of a severe 
degree was present in only 48.5 per cent of the cases. Such fibrosis is 
just as common in hearts which are the seat of coronary sclerosis but are 
not hypertrophied. 


Table X 

Degree of Cardiac Hypertrophy in Syphilitic Hearts in Cases in "Which 
Death Was Due to Narrowing of the Coronary Orifices 



SEX 

MARGINAL 

THICKENING 

OF CUSPS 

SEPARATION OF 
COMMISSURES 

WEIGHT OF HEART 
(GM.) 

1 

F 

— 

— 

275 

0 

F 

_ 

— 

2S0 

3 

M 

— 

— 

305 

4 

F 

+ 

+ 

315 

5 

At 

+ 

+ 

350 

G 

M 

+ 

+ 

360 

7 

M 

— 

— 

360 

s 

F 

— 

— 

375 

9 

F 

— 

- 

3S5 

10 

M 

— 

- 

395 

11 

M 

— 

— 

395 

12 

M 

— 

- 

400 

13 

M 

— 

- 

415 

14 

M 

— 

- 

435 

15 

M 

+ 

+ 

600 


If cardiac ischemia can cause hypertrophy it should be present in cases 
of syphilitic aortitis with narrowing of the coronary orifices without 
syphilitic valvulitis. Table X shows fifteen eases in which death was due 
to syphilitic narrowing of the coronary orifices. Hypertrophy to any 
marked extent was present in only one, and in this ease the hypertrophy 
could be accounted for by aortic insufficiency resulting from separation 










CLAWSON : CORONARY SCLEROSIS 


397 


of the commissures or from free marginal thickening of the aortic cusps. 
Both conditions were present in this case. 

Autopsy findings, gross or microscopic, offer little or no support to the 
theory that cardiac hypertrophy is a result of coronary sclerosis. The 
hypertrophy which is commonly associated with coronary sclerosis is 
most likely due to a coexisting primary hypertension which, as shown 
above, is probably present in 69 per cent of the cases of coronary sclerosis. 

Infarction of the myocardium was seen in 30.5 per cent of 919 of our 
cases (Table XI). This was less common than thrombosis. Some patients 
with coronary thrombosis do not live long enough to develop gross ana- 
tomic evidence of infarction. The infarction occurred with thrombosis in 
23.5 per cent of the cases and without thrombosis in 7 per cent. It is 
highly possible that some of the thrombi may have been missed by the 
pathologists, but infarcts do occur at times without a coronary thrombus. 
This is seen occasionally in cases with syphilitic aortitis with narrowing 
of the coronary orifices. As was seen with coronary thrombosis, infarc- 
tion was nearly twice as common in the hypertensive group (40 per cent) 
as in the nonhypertensive group (22 per cent). 


Table XI 


WITH WITHOUT 

HYPERTENSION HYPERTENSION 


Frequency of Infarction With Coronary Sclerosis (919 Cases ) 


With thrombus 
Without thrombus 


■■ 

32% 

S 

S2 

30 

16% 

6 

■ 

7 

4 

23.5% 

7 

1 169 

40 

112 

22 

281 

30.5 


Frequency of Itupture of the Heart With Coronary Sclerosis (919 Cases ) 


| 20 | 5% | 25 | 5% | 46 | 5% 


Rupture of the myocardium, with hemopericardium, was observed in 5 
per cent of 919 cases examined (Table XI). It was usually associated 
with a thrombus. Sometimes there was rupture of a coronary branch, 
but generally the rupture was due to a softened infarct. 

With myocardial infarction, if the patient lived for a few hours, or 
more, a mural thrombus developed, generally in the wall of the left 
ventricle, but sometimes in the right ventricular wall, or both. Embolic 
phenomena were common. Paralysis or symptoms of infarction of the 
lung were common early complaints of the patients. 

Gross or microscopic areas of fibrosis are not infrequently seen in the 
myocardium in cases of death from coronary disease. This fibrosis is ir- 
regular in distribution. It appears to be due to a slow replacement of 
muscular tissue by connective tissue. The areas of fibrosis are not located 
immediately around blood vessels, as are the scars due to rheumatic 
inflammation. The myocardium was carefully studied microscopically in 
thirty-seven cases in which death was caused by coronary disease. In no 
case was there an infarct. Severe coronary sclerosis was present in all 
(Table IX). Severe myocardial fibrosis was seen in 48.5 per cent, slight 
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fibrosis in 46 per cent, and none in 5.5 per cent. The impression was 
gained that., except for rupture of the myocardium and some large in- 
farcts, the anatomic changes observed in the myocardium in cases of 
coronary sclerosis are not sufficient to he the cause of death. The pathol- 
ogist has not been able to find the final cause of death. 

Pericardium . — Infectious pericarditis was not found in any of our 
eases. A fibrinous exudate regularly developed on the epicardium over 
recent infarcts. If the patient lived, these fibrinous exudates organized 
and resulted in a localized area of fibrous adhesions between the two 
layers of the pericardium. 

Other Pathologic Findings . — The chief associated pathologic condi- 
tions observed were evidences of congestive cardiac failure, which was 
indicated by edema or chronic passive congestion of the liver. 

The presence of edema was determined by the occurrence of anasarca, 
hydrothorax, or ascites (Table XII). Sufficient histories or pathologic 
descriptions were given in 919 cases to determine the presence or absence 
of edema. In the 410 patients with hypertension, edema was noted in 
52 per cent. Edema was seen in only 21.5 per cent of the 509 patients 
without hypertension. In the total of 919, edema was observed in 35 per 
cent. It was more than twice as common in the hypertensive group. 


Table XII 

Frequency of Edema (Anasarca, Hyprothorax, Ascites) 'With Coronary 

Sclerosis (919 Cases) 


EDEMA 

WITH HYPERTENSION 

WITHOUT 

HYPERTENSION 

TOTAL 

Present 

213 

52% 

110 

21.5% 

323 

35% 

Absent 

197 

4S 

399 

7S.5 

596 

Go 

Total 

410 

100 

509 

100 

919 

100 


Nine hundred nine (909) cases could be evaluated in respect to the 
existence of chronic passive congestion of the liver (Table XIII). Chronic 
passive congestion was evident in 55 per cent of the hypertensive group 
and in 23 per cent of the nonhypertensive group. Of the entire group of 
909 cases, chronic passive congestion of the liver was present in 37.5 per 
cent. As with edema, chronic passive congestion of the liver was more 
than twice as frequent in the hypertensive group as in the nonliyperten- 
sive group. 

Table XIII 

Frequency of Chronic Passive Congestion of the Liver With Coronary 

Sclerosis (909 Cases) 


PASSIVE 

CONGESTION 

WITH HYPERTENSION 

WITHOUT 

HYPERTENSION 

TOTAL 

Present 

225 

55% 

116 

23% 

341 

37.5% 

Absent 

1S5 

45 

3S3 

77 

5GS 

G2.5 

Total 

410 

100 

499 

100 

909 

100 
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SUMMARY 

Nine hundred twenty-eight (928) eases of coronary sclerosis were stud- 
ied. Deaths resulting from coronary sclerosis represented about one- 
fourth of all deaths from noncongenital cardiac disease, or about 4 per 
cent of all deaths in patients above 6 months of age, in the autopsy mate- 
rial in the Department of Pathology at the University of Minnesota from 
1910 to 1936, inclusive. 

Nothing definite can be said concerning the primary cause of the dis- 
ease. Death occurred most frequently in the fifth, sixth, seventh, and 
eighth decades, but it may take place early in the third decade. Death 
from coronary sclerosis was about two and one-lialf times as common 
in males as in females. Hypertension was the most common condition 
associated with coronary sclerosis. The great frequencj 7 suggested a 
causal relation. 

Sudden death or death following symptoms of but a few minutes’ 
duration was common (28 per cent). Such deaths were more common 
in the patients without hypertension than in those with hypertension. In 
patients with symptoms lasting one to five years, or more, hypertension 
was more common. 

Pain was the most common complaint, being present in more than half 
of the eases. The location and variety of the pain had a marked varia- 
tion. Dyspnea was the next most common symptom. Fainting, dizzi- 
ness, and paralysis were not uncommon. 

Effort was not a conspicuous factor in the death of these patients (10 
per cent). At least 75 per cent died while at rest in the hospital or else- 
where. 

The left coronary artery, especially the anterior descending branch, 
was the one most frequently involved. Severe right coronary involve- 
ment without a relatively severe affection of the left coronary artery 
rarely caused death. 

Thrombosis of the arteries was present in nearly half the cases (45 per 
cent) , 32.5 per cent in the left alone, 10 per cent in the right alone, and 
3 per cent in both arteries. Thrombosis was more common in the 
patients with lijqiertension than in those without hypertension. 

Hypertrophy was more than twice as common in the hypertensive as 
in the nonhypertensive group. There was no evidence to support the 
claim that cardiac hypertrophy results from coronary sclerosis. On the 
other hand, the hypertrophy appeared to be the result of essential hyper- 
tension. 

Infarction of the myocardium was noted in 30.5 per cent of the entire 
group but was more frequent among the cases of hypertension. In most 
cases the infarction was preceded by thrombosis. Bupture of the myo- 
cardium was relatively rare (5 per cent). Some myocardial fibrosis was 
observed in nearly all of the hearts examined, severe in 48.5 per cent, 
slight in 46 per cent, and absent in 5.5 per cent. 
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Pericardial fibrous adhesions were noted, as a rule, only about, in- 
farcted areas. 

Edema and chronic passive congestion of the liver were frequently 
present, but more commonly in the hypertensive group. 

Excepting thrombosis, infarction, and rupture of the myocardium, the 
anatomic changes noted did not appear to be sufficient to be the final 
cause of death. In more than half of the cases, something not manifested 
anatomically had to be assumed to be the cause of death. 

conclusions 

1. Coronary sclerosis of the atherosclerotic type, with or without 
thrombosis and infarction, is the most common cause of cardiac sudden 
death. 

2. Pain is the most frequent symptom. 

3. Most patients die while at rest, and only a relatively small number 
during effort. 

4. Hypertension is the outstanding suggested etiologic factor. 

5. Males predominate over females in the ratio of 2.5 to 1. 

6. The disease is primarily one of adults but may be seen in younger 
people. 

7. The incidence and degree of sclerosis are much greater in the left 
coronary artery than in the right. 

8. Besides sclerosis of the arteries (100 per cent), the chief anatomic 
changes noted are thrombosis (45 per cent), hypertrophy (66 per cent), 
infarction (30.5 per cent), rupture of myocardium (5 per cent), and 
myocardial fibrosis (severe, 48.5 per cent; slight, 46 per cent; and none, 
5.5 per cent). 

9. Edema was noted in 35 per cent of the cases, more frequently in 
the hypertensive group. Chronic passive congestion of the liver was seen 
with about the same frequency in the two groups. 

10. In more than half the cases an anatomic change considered suf- 
ficient to cause death was not evident. 
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BLOOD OXYGEN CHANGES FOLLOWING INTERMITTENT 
VENOUS OCCLUSION- 

J. Ross Veal, M.D., Washington, D. C., and 
William Mellen McCord, Ph.D., New Orleans, La. 

T HE most important investigation of reactive hyperemia which has 
been made to date is the study published by Lewis and Grant 1 in 
1925, more than fifty years after Cohnlieim first described the phenome- 
non and more than twenty-five years after Bier applied its present name 
to it and suggested a possible therapeutic application for it. The con- 
clusions of Lewis and Grant, which were arrived at by direct visual ob- 
servation and by volumetric studies with the plethysmograph, are sub- 
stantially as follows : 

1. Occlusion followed by release of the arterial supply of an extremity 
brings about a degree of vasodilatation which is proportionate to the 
duration of the occlusion, within certain limits; generally speaking, 
an occlusion of five seconds is necessary to produce any perceptible 
reaction, and the reaction lasts a half to three-quarters as long as does 
the previous period of circulatory arrest. The reaction is greater in 
a limb the temperature of which is raised, though it is unaffected by 
changes of external temperature. 

2. The reaction affects not only the superficial vessels, as evidenced by 
changes in the color of the skin, but also the deeper vessels, as proved by 
volumetric studies and by measurement of the inflow to the limb. 

3. A similar reaction occurs when venous pressure is increased. Both 
the degree and the duration of the reactive hyperemia increase as the 
congestion is raised from 40 mm. Hg, the minimum necessary to pro- 
duce any perceptible reaction, and at very high venous pressures the 
reaction is very like that produced by arterial occlusion. Within certain 
time limits both the degree and the duration of the reaction are increased 
by the duration of the congestion. 

4. The reaction is a local one and is independent of both the central 
nervous system and the local reflexes. 

Bier’s suggestion that active or passive venous congestion be employed 
in the treatment of pathologic states of the soft tissues has been accepted 
for many years, though the mechanism of its favorable action has never 
been satisfactorily explained. Formerly this method of treatment was 
applied only to diseases in which the arterial blood supply was not pri- 
marily involved, but recently, and still more or less empirically, it has 
been applied to conditions in which an arterial deficiency is the basic 
pathologic change. 

‘From the Departments of Surgery and Biochemistry of the School of Medicine of 
Louisiana State University and the State of Louisiana Charity Hospital at New 
Orleans. 

Received for publication Sept. 10, 1938. 
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Collens and Wilensky 2 have recently applied the principle of reactive 
hyperemia in the treatment of peripheral vascular diseases, and have also 
described a simple apparatus for producing the hyperemia. In 1937, de 
Takats, Hick, and Coulter 3 reviewed the whole subject of reactive hyper- 
emia and reported the use of the Collens and Wilensky technique in 
ten patients. In their cases, however, statements concerning its good re- 
sults must be somewhat qualified, for other methods of treatment were 
also employed, and other factors thus introduced. It is worth mention- 
ing that these authors issue a specific warning that the same contraindi- 
cations should be observed in the use of reactive hyperemia in the treat- 
ment of peripheral vascular disease as are observed in the use of alternate 
suction and pressure therapy. 

The underlying mechanism of the phenomenon needs much further in- 
vestigation. In true reactive hyperemia there is a marked increase in the 
blood volume flow, as is proved by the objective color changes in the 
skin, which are in turn evidence of an increased amount of arterial blood 
in the venous system. If intermittent venous occlusion produces a true 
reactive hyperemia, it also should be associated with an increase in the 
blood volume flow, which in turn should be evidenced by a rise in the 
oxygen content of the venous blood. The studies of de Takats and his 
associates would seem to prove the contrary. Their observations on the 
percentage of oxygen saturation of the blood at intervals of twenty and 
forty minutes after the release of intermittent venous compression fail 
to show anj r increase, but, on the contrary, show an actual decrease. 

The explanation of the findings of de Takats, et al., is not far to seek. 
The duration of reactive hyperemia produced by complete occlusion of 
the vascular system of an extremity is transitory, and it seems scarcely 
reasonable to expect to demonstrate blood changes much beyond the 
period of its existence. This present communication is a report of a 
study of the oxygen saturation of the blood made during the period in 
which the reactive hyperemia should be demonstrable. 


TECHNIQUE OF EXPERIMENTS 

The investigation was conducted upon eleven healthy male subjects, with normal 
cardiovascular systems, and the circumstances of the test were identical in each 
instance. Each test was preceded by a rest period of thirty to sixty minutes, during 
which t lie patient lay on a table, at room temperature, with his arms stretched beside 
his body at heart level. A blood pressure cuff was so adjusted on the arm to be 
studied t lint it could be instantly released. All samples of blood were collected 
under oil from the antccubital vein, without the use of a tourniquet, the needle being 
left in situ whenever successive specimens were collected. The Van Slyke 1 method 
for determination of the oxygen content of the blood was used throughout. 

After a control sample of blood had been collected at the conclusion of the rest 
period, the first test was undertaken, as follows: The arm was elevated to empty 
the veins, the blood pressure cuff" was abruptly inflated to 250 nun. Ilg, and the arm 
was returned to heart level. Then, at periods varying from five to eight minutes in 
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each subject, the cuff was deflated equally suddenly and the return of circulation 
permitted. Samples of blood were collected one minute and three minutes after the 
release of the occlusion. 

In the second test the blood pressure cuff was inflated with the arm at heart 
level, and intermittent venous occlusion was instituted over periods ranging from 
fifteen to sixty minutes. In all cases the duration of the compression was a period 
of two minutes, but the interval of release was variously one minute and two minutes. 
The range of pressure was from GO to 80 mm. Hg. Specimens of blood were with- 
drawn, as in the first test, one minute and three minutes after the final release of 
the occlusion. 


RESULTS 

The percentage of the oxygen saturation of the blood after complete 
vascular compression and after intermittent venous occlusion, as com- 
pared with the percentages in the resting period, are shown in Tables I 
and II, the findings of which may be briefly summarized. 

Table I 


Oxygex Changes in Venous Blood After Release From Complete Vascular 

Occlusion 


CASE 

NUMBER 

percentage of 
OXYGEN 
SATURATION 
RESTING STATE 

PERCENTAGE OF 
OXYGEN 
SATURATION 

1 MIN. AFTER 
RELEASE 

PERCENTAGE OF 
OXYGEN 
SATURATION 

3 MIN. AFTER 
RELEASE 

1 . 

G2 

77 

91 

2. 

86 

70 

86 

3. 

61 

77 


4. 

6.3 

69 

58 

5, 

66 

88 

93 

0 . 

78 

97 

84 

7. 

53 

90 

85 

s. 

81 

95 

81 

9. 

75 

75 

66 

10. 

60 

90 

S9 

11. 

85 

96 

94 


After complete arterial occlusion for five to eight minutes (Table I) 
there was a definite rise in the oxygen saturation of the blood from the 
anteeubital vein in nine of the eleven cases studied at the end of one 
minute after the pressure was released ; in one case the percentage was 
unaltered, and in another there was a fall of sixteen points. At the end 
of three minutes the oxygen-saturation percentage was still increased 
over the resting period in six of ten eases ; in two eases the percentage 
was unchanged, and in two there was a slight fall. In some individuals 
the return to normal levels was rapid, in others the elevation tended to 
persist, but the general tendency of the whole group was toward an in- 
crease in the oxygen saturation of the blood. 

After intermittent venous occlusion, however, the tendency was exactly 
reversed. In eight of the eleven cases (Table II) there was a definite de- 
crease in the oxygen saturation of the blood at the end of one minute 
after the release of the compression, and an increase in only three eases. 
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The tendency was less clearly defined at the end of three minutes; in 
eight eases studied at that time there was a decrease of the oxygen satura- 
tion in four, a very definite elevation in two, and in two others an eleva- 
tion of one and three points, respectively, which can probably be dis- 
regarded, as a 5 per cent variation must be allowed as within the range 
of normal laboratory error. 


Table II 

Oxygen* Changes in* Venous Blood After Intermittent Venous Occlusion 


PERIOD OF 

TEST 

CASE 

NUMBER 

PERCENTAGE 

OF OXYGEN 

SATURATION 

RESTING 

STATE 

PERCENTAGE 

OXYGEN 

SATURATION 

1 min. after 

RELEASE 

PERCENTAGE 

OF OXYGEN 

SATURATION 

3 MIN. AFTER 
RELEASE 

15 minutes 

1 . 

02 

55 


IS minutes 

2 

61 

46 

50 

30 minutes 

o 

o. 

SO 

75 

75 

30 minutes 

4. 

73 

50 

58 

30 minutes 

5. 

00 

55 

S5 

45 minutes 

0 . 

7S 

os 

SI 

45 minutes 

7. 

50 

OS 


45 minutes 

s. 

S5 

SI 


1 hour 

9. 

75 

09 

07 

1 hour 

10. 

00 

01 

02 

1 hour 

11. 

S2 

92 

ss 


SUMMARY 

The results of this study would seem to indicate that complete vascular 
occlusion in the presence of a normal circulatory system is followed by a 
true reactive hyperemia immediately upon release of the compression. 
The maintenance of complete compression over periods of five to eight 
minutes was generally followed by a definite rise in the oxygen satura- 
tion of the venous blood one minute after its release, and in most eases 
the elevation was maintained at the end of three minutes. It may there- 
fore he assumed that the reactive hyperemia produced by this type of 
occlusion brings about a more rapid flow of blood through the extremity, 
as well as a marked increase in the volume of the flow. 

Intermittent venous occlusion, on the other hand, even in the presence 
of a normal circulatory system, is usually followed by a lowering of the 
oxygen saturation of the venous blood at one minute as well as three 
minutes after the release of the occlusion. This would seem to indicate 
that under the circumstances of this test (with a pressure varying from 
00 to 80 mm. II g, and with a ratio of compression and release of 2:2 and 
2:1) a true reactive hyperemia is not produced. Any favorable effects 
claimed for this type of therapy must therefore result not so much from 
an increase in the rate or the volume of the blood flow as from some 
chemical changes produced in the tissues incident, to the venous conges- 
tion and the changes produced by the increased venous pressure. 
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It might be said in conclusion that these findings bear out those of 
Allen and McKeehnie 5 in their study of the effect of intermittent venous 
occlusion on the skin temperature under controlled circumstances. In 
nineteen patients (nine normal subjects, and ten with hypertension, 
arthritis, and peripheral vascular disease) they found no evidence that 
any significant or consistent vasodilatation resulted from the procedure. 


REFERENCES 

1. Lewis, T., and Grant, K. T. : Observations on Eeactive Hyperemia in Man, 

Heart 12: 73, 1925. 

2. Collens, W. S., and Wilensky, N. D.: The Use of Intermittent Venous Com- 

pression in the Treatment of Peripheral Vascular Disease, Am. Heart J. 11: 
705, 1936; An Apparatus for the Production of Intermittent Venous Com- 
pression in the Treatment of Peripheral Vascular Disease, Am. Heart J. 11: 
721, 1936. 

3. Do Takats, G., Hick, P. K., and Coulter, J. S.: Intermittent Venous Hyperemia 

in the Treatment of Peripheral Vascular Disease, J. A. M, A. 108: 1951, 
1937. 

4. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry, Vol. 2, 

Baltimore, 1932, Williams & Wilkins Company. 

5. Allen, E. V., and McKeehnie, K. E.: Effect of Intermittent Venous Occlusion 

on the Circulation of the Extremities, J. Lab. & Clin. Med. 22: 1260, 1937. 



THE NORMAL HEART VOLUME IN MAN 


G. Liljestrand, E. Lysholm, G. Nylin, and C. G. Zachrisson 

Stockholm, Sweden 

W HEN trying to determine the size of the heart in t he living subject 
reliance has usually been placed mainly ou the values established 
from measurements on the frontal orthodiagrams alone. Though the re- 
sults thus obtained have sometimes been of importance— e.g., for com- 
parative studies of the heart on different occasions — the practical use of 
the method has been greatly hampered by the fact that the heart volume 
cannot be determined in this way with a sufficient degree of accuracy. 
The main objection is, of course, that frontal orthodiagrams alone can be 
employed for this purpose only if the form of the heart is the same not 
only in one individual under different conditions, but also in different 
individuals. As is well known, this is far from being the case (see below), 
great variations often occurring in the form of the heart. Under these 
circumstances it has been found necessary to try to arrive at more exact 
methods for establishing the heart volume. Thus Palmieri 1 (1920), 
Lysholm 2 (1926), and AVcgclius 3 (1934) made models of the heart with 
the aid of projections in several planes. This modeling procedure, how- 
ever, takes a long time and will therefore hardly be of practical impor- 
tance. It was a great advance in this field when it was shown independ- 
ently by Rohrer 4 (1916-1917) and Kahlstorf- 1 (1932) that it is possible to 
calculate the volume of the heart with satisfactory accuracy from the 
frontal and sagittal orthodiagrams. They assumed that the heart is of a 
shape between a paraboloid and an ellipsoid. The size of the heart can 
then be calculated according to the formula V = 0.63 ' E n ’ L,„. 1X , where 
V is the volume of the heart, F n the area of sagittal orthodiagram, and 
Linux the maximum depth of the transversal orthodiagram. The reliabil- 
ity of this calculation was demonstrated by Kahlstorf, who investigated 
nine normal and three pathologic hearts from corpses. The hearts had 
been hardened in formalin and were mounted on a stand ; orthodiagrams 
wore made in two directions at right angles. Each preparation was in- 
vestigated in three different positions, and the values obtained were com- 
pared with the volume as found by water displacement. The agreement 
was very good, the difference between the calculated and observed 
volumes being not more than ± 5 per cent. The method was applied to 
determinations of the normal heart volume in living persons by Rohrer 
in seven cases. In five of these the values lay between 471 and 575 c.c. ; 
in one, obviously a very small individual (height 140 cm.), it was only 

From medical clinic II anil the rocnttrcnoloplc department of the Sor.nphimer Hos- 
pital and tin- department of pharmacology of the Karol linden Institute, Stockholm, 
lieceivod for publication Sept, ft, lflllS. 
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21G c.c. ; and in the remaining subject (height 170 cm.) 762 c.c. lvahl- 
stori' lias examined a much larger group, comprising seventy men and 
fifty women. All of his determinations were made with the subject in 
flic standing position, a fact of some importance, since it is known that 
the heart is considerably larger when the subjects are in the recumbent 
than when they are in the erect position (cf. Nylin,® 1934). Kahlstorf 
calculates his values in relation to the body weight (he finds a direct 
proportion between them) and arrives at the conclusion that the heart 
volume per kg. of body weight is at least 7 c.c. in female and S c.c. in 
male subjects, and that it does not exceed 11 c.c. For the erect posi- 
tion Lysholm. Nylin, and Quanta 7 (1934) have determined the heart 
volume in thirty-three normal male subjects according to the Rohrer- 
Kahlstorf formula. The average was 627 ± 22 c.c., the extreme limits ob- 
served being 393 and 860 c.c.. As far as can be judged, their values 
agree well with those of Kahlstorf. 

The following investigation on the normal heart volume was carried 
out on a larger number of subjects: they were young students, 20 to 30 
years of age, and bank clerks between the ages of 37 and 47 years, all of 
whom were in perfect health and exhibited no signs of heart or vascular 
disease. 

For our determinations the devices for biplane radiography were constructed 
around a Ivrogh ergometcr bicycle and manufactured in the shops of Mr. G. 
Schonander in 1935 (Fig. 1). In front of and at the side of the subject were 
placed two films at right angles. Corresponding to these were two 40 kw. roentgen 
tubes with rotating anodes, mounted on special stands and placed at a distance of 
1.5 and 2 M. from the films. The high tension was adjusted to 90 kv. peak, the 
tubes being coupled in parallel. The milliatnpcragc was so regulated that the tube 
corresponding to the side view had a load of 250 Ma., and the other tube 200 Ma. 
The high tension switches (s in Fig. 2) enabled us to use each tube separately or 
both simultaneously. The arrangement was constructed in the autumn of 1935 by 
the firm of Siemens lloinigcr Yeifa, in Stockholm, and has since worked satisfac- 
torily. During the exposure, the front and the side of the chest were gently pressed 
against the two cassette-holders. The exposure time was one-twentieth second. To 
cut off scattered radiation during simultaneous exposures, two crossed Lysholm all- 
metal grids were used in each of the two planes. This arrangement satisfactorily 
eliminates the scattered radiation and prevents blurring in the roentgenogram. 

For the calculation of the heart volume, it is necessary to introduce a correction 
for the enlargement of the heart shadow on the film. Fig. 3 illustrates this. As- 
suming the heart to be an ellipsoid, one gets the volume Y from the equation: 

4 r r 200 -a 1 200 -a m 150— b n 

A — “•» ' 200 " ° " ooq " « " jyO * o t where 1 and m 

are the axes of the ellipsoid on the. frontal and n the axis on the lateral view, and 
a and b the distances from the center of the heart to the films. Direct measurements 
gave for a and b. 15 and 23 cm., respectively, so that the formula is reduced to 
Y — 0.3S - 1 - m ■ n. 

We have tints assumed the heart to have the form of an ellipsoid, 
whereas the Rohrcr-Kahlstorf formula takes it to be something between 
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a paraboloid and an ellipsoid. Thus they get the constant 0.63, whereas 
here it is 0.67. Our values will therefore be 6 per cent higher than those 
of Rohrer and Ivahlstorf. 

In order to determine the margin of error for the method, we have 
made double exposures on ten healthy medical students. The values ob- 
tained are given in Table I. We find the margin of error as small as 
30 e.e., corresponding to 4.7 per cent of the mean value. 


s 




Before giving the details of our observations we should like to exem- 
plify by means of two cases the paramount importance of taking into 
consideration two projections in different planes for the estimation of 
the heart volume. Fig. 4 shows the frontal and sagittal teleroentgeno- 
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grams of a healthy nurse in a sitting position. On the frontal projection 
the heart looks enlarged, hut the sagittal diameter is exceedingly short. 
The subject had a very flat chest. Calculating the heart volume accord- 
ing to the Rohrcr-Kahlstorf formula, we get the normal value of 900 c.c., 
or 450 c.e./m- of body surface. On the other hand, if the heart volume is 
calculated only on the basis of the frontal roentgenogram with the help 
of Bardeen’s 5 formula (1918), it amounts to 1,300 c.c., which is 45 per 
cent higher than the value obtained by the method first, mentioned. Fig. 
5 illustrates the reverse situation in another normal subject, also in a 
sitting position. Here the heart is tubular, as shown by the frontal 
roentgenogram, but the chest is deep, and the sagittal diameter fairly 
large. The heart volume according to Bardeen’s formula is 400 c.c., but 
by the Rohrer-Kahlstorf method we obtain 490 c.c. ; thus with the former 
the estimate is 23 per cent too small. 


Table I 

Two Determinations of Heart Volume on Each of Ten Normal Students 


SUB- 

JECT 

NO. 

LENGTH 

CM. 

BREADTH 

CM. 

SAGITTAL 

DIAMETER 

CM. 

HEART 

VOLUME 

C.C. 

DIFFERENCE 

C.C. 

1. 

1 

14 

11.5 

9.5 

580 

0 


11 

14 

11.5 

9.5 

■ 5S0 


2. 

I 

14.0 

10.5 

12 

GOO 

25 


II 

14.5 

10.5 

11.0 

GG5 


3. 

I 

13 

11 

11 

GOO 

50 


II 

12 

10.5 

11.5 

550 


4. 

I 

15.5 

12 

10 

710 

50 


II 

15 

11.5 

10 

GG0 


5. 

I 

13.5 

11.5 

9.5 

5G0 

Go 


II 

13 

10.5 

9.5 

495 


c. 

I 

15 

12 

10 

GOO 

0 


II 

15 

12 

10 

G90 


7. 

I 

14.5 

12 

9.5 

G30 

0 


II 

14.5 

12 

9.5 

G30 


s. 

I 

15 

11.5 

12 

790 

Go 


II 

15 

11 

12 

755 


0. 

I 

12.5 

10.5 

12 

GOO 

50 


II 

13 

11 

12 

G50 


10. 

I 

14.5 

12 

10 

GG0 

30 


II 

14.5 

12 

9.5 

G30 



General mean = Gil c.c. .Mean of differences irrespective of signs = 31 c.c. 
Margin of the error for the method = 30 c.c. = 1.7 per cent of the mean value. 


The results of our determinations on healthy men are given in Tables 
II and III. In the first group of seventy medical students (Table II) 
the absolute volume of the heart varies between 480 and 970 c.c., which 
is considerable. The corresponding limits are 5.6 and 34.2 c.c. per kilo- 
gram of body weight. The subject with the lower limit (No. 69) stands 
out as an exception, since in all the other subjects the heart exceeds 7.8 
(corrected 7.4) c.c. per kilogram, which is in fairly good agreement with 
Kahlstorf's experiences. In seven eases, however, the values are higher 
than the upper limit given by KahlstoiT (1 3 -3.06 — 33.7 c.c.). In our 
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smaller group of men from 32 to 47 years of age, all are at or above eight 
'(7.5 corrected) c.c. per kilogram, but here also some subjects, in all three, 
have a volume larger than 11.7 e.c. per kilogram. AVe are thus led to the 
conclusion that the upper limit for the size of the normal heart is some- 
what higher than given by Kahlstorf. 



Fig:. 5. — Heart volume in a healthy girl with a deep chest. 


Since it has been observed in previous investigations (cf. DuBois, 0 
1936, and Grollman, 10 1932) that metabolism and blood flow show a closer 
correlation to the body surface than to the body weight, it would seem 
natural also to correlate the heart volume with the body surface. Fig. 6 
demonstrates the excellent correlation obtained in this way. 

On the basis of the above-mentioned determinations, we have worked 
out our material statistically. The calculation of mean values and stand- 
ard deviations has been made in accordance with well-known formulas. 
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Table H 


Heart 

Volume of 

Seventy 

Iln.VLTirY 

Years 

Medical 
of Age 

Students Between 

21 .AND 30 

6 

£ 

K 

C2 

K < 

< >* 

E* 

w 

5 

r* rr, 

~ Q 

weight 

KG. 

ci 

£ 

w £ 

ft o 
o < 
c 

d 

u 

w 

Sp 

r_- h 

b o 

E > 

K 

0T, 

D ci 

O ** 

> d 

g £ 

✓ . 
w o 

E d 

w 

pr, 

D 

£ 

O ►H 

> fcS 
§£ 

K O 

i. 

21 

175 

GS 

1.S2 

530 

290 

Ts T 

o 

21 

1G0 

57 

1.5S 

G20 

390 

10.9 

o 

O. 

22 

193 

91 

2.22 

S50 

3S0 

9.3 

4. 

22 

173 

5S 

1.70 

650 

3S0 

11.2 

5. 

22 

177 

73 

1.S9 

S50 

450 

11.6 

G. 

22 

1S4 

GG 

1.S7 

G50 

350 

9.S 

7. 

22 

190 

SG 

2.14 

S50 

400 

9.9 

8. 

22 

17G 

G3 

1.77 

G50 

370 

10.3 

9. 

22 

176 

G2 

1.76 

GS0 

390 

11.0 

10. 

22 

190 

7S 

2.0G 

710 

350 

9.1 

11. 

22 

1S4 

SI 

2.04 

6G0 

320 

S.l 

12. 

22 

179 

G2 

1.77 

GOO 

340 

9.7 

13. 

oo 

~ Lt 

172 

G5 

1.77 

S30 

470 

12.S 

14. 

29 

171 

G1 

1.72 

750 

440 

12.3 

15. 

22 

174 

G4 

1.77 

S30 

470 

13.0 

1G. 

22 

1S5 

S3 

2.07 

SOO 

390 

9.6 

17. 

22 

1GS 

GS 

1.7S 

6G0 

370 

9.7 

IS. 

23 

205 

7S 

2.20 

900 

410 

11.5 

19. 

23 

170 

GG 

1.77 

700 

400 

10. G 

20. 

23 

177 

72 

1.S7 

730 

390 

10.1 

21. 

23 

1S4 

G7 

1.S7 

550 

290 

S.2 

22. 

23 

175 

G2 

1.70 

550 

310 

S.9 

23. 

23 

1S1 

76 

1.9G 

600 

310 

7.9 

24. 

23 

ISO 

G5 

1.S3 

520 

2S0 

S.O 

25. 

23 

17G 

67 

1.S1 

750 

410 

11.2 

2G. 

23 

1S1 

GS 

1.7S 

SOO 

450 

11.7 

27. 

23 

172 

GG 

1.7S 

520 

290 

7.9 

28. 

23 

1S4 

75 

1.97 

COO 

310 

S.O 

29. 

23 

17G 

GO 

1.74 

4S0 

2S0 

S.O 

30. 

23 

1S3 

IS 

2.01 

750 

370 

9.G 

31. 

23 

1S2 

G9 

l.GS 

G50 

390 

9.4 

90 

Oij. 

23 

1GS 

G5 

1.74 

590 

340 

9.1 

33. 

24 

180 

77 

1.9G 

S50 

430 

11.0 

34. 

24 

1S4 

7S 

2.01 

750 

370 

9.G 

35. 

24 

1S2 

71 

1.92 

GS0 

350 

9.G 

30. 

24 

1SG 

79 

2.02 

900 

450 

11.4 

37. 

24 

ISO 

77 

1.9G 

S30 

420 

10.7 

3S. 

24 

1S2 

G3 

1.S3 

520 

2S0 

S.3 

39. 

24 

172 

G9 

1.S1 

SOO 

440 

11. G 

40. 

24 

179 

G5 

1.S2 

750 

410 

11.5 

4]. 

24 

1G9 

71 

3. SI 

750 

410 

10.G 

42. 

24 

101 

51 

1.53 

430 

2S0 

S.4 

43. 

24 

173 

G5 

3.7S 

550 

310 

S.5 

44. 

24 

1S3 

7S 

2.01 

GG0 

330 

8.5 

45. 

24 

1S1 

7S 

3.99 

G50 

330 

S.3 

4G. 

24 

1S7 

91 

2.17 

7S0 

SG0 

S.G 

47. 

24 

183 

IS 

2.01 

G10 

300 

7.S 

4S. 

24 

182 

70 

3.90 

G20 

330 

S.O 

49. 

24 

170 

75 

3.SG 

5S0 

310 

777 

50. 

25 

ISO 

GS 

3.S7 

SOO 

430 

ll.S 

51. 

25 

173 

7G 

1.91 

750 

390 

9.9 

52. 

25 

17G 

74 

1.89 

7S0 

410 

10.5 

53. 

25 

175 

S4 

1.99 

970 

490 

11.5 
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Table II (Cont’d) 


6 

£ 

AGE 

YEARS 

HEIGHT 

CM. 

WEIGHT 

ICG. 

BODY SUR- 
FACE M2 

HEART 

VOLUME C.C. 

s 

Ol 

o 

> 

* g 

C5 M 
< - 

U 

HEART VOLUME 

C.C. PER KG. 

54. 

25 

170 

61 

1.72 

S70 

510 

14.2 

55. 

25 

1S9 

75 

2.01 

600 

300 

S.O 

56. 

25 

172 

71 

1.S4 

600 

330 

8.5 

57. 

25 

175 

69 

1.84 

550 

300 

S.O 

5S. 

25 

176 

G5 

1.80 

SOO 

440 

12.3 

59. 

25 

176 . 

67 

1.S2 

690 

380 

10.3 

60. 

25 

184 

76 

1.9S 

760 

3S0 

10.0 

61. 

26 

186 

75 

1.9S 

830 

420 

11.1 

62. 

26 

1S4 

96 

2.20 

930 

420 

9.7 

63. 

26 

175 

65 

1.79 

5S0 

320 

9.0 

64. 

26 

1S1 

64 

1.82 

7S0 

430 

12.1 

65. 

26 

176 

6S 

1.S4 

. 730 

400 

10.7 

66. 

26 

181 

71 

1.91 

750 

390 

10.6 

67. 

27 

179 

75 

1.94 

7S0 

400 

10.4 

68. 

27 

175 

64 

1.78 

600 

340 

9.4 

69. 

29 

183 

85 

2.07 

4S0 

230 

5.6 

70. 

30 

ISO 

S5 

2.04 

S50 

420 

10.0 


We have considered as normal limits the mean value decreased and in- 
creased by two standard deviations. The mean value for the heart volume 
for the 70 young students is found to be 700 c.c., and for the somewhat 
older men it amounts to 750 c.c. Calculated per kilogram of body weight 
(Table IV), the mean heart volume amounts to 9.8 c.c. for the younger 
group and 10.4 c.c. for the older one. The corresponding values per m 2 
of body surface are 372 and 395 c.c., respectively. The normal limits for 
these 101 healthy male subjects, estimated as mentioned above, are 7.0 
and 13.0 c.c. per kilogram body weight and 250 and 490 c.c. per m 2 of 
body surface. 
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Fig:. 6. — Correlation between heart volume and body surface. 
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Table III 

Heart Volume or Thirty-One Healthy Bank Clerks Between 32 and 47 

Years of Age 


6 

m 

g < 

< > 

3 

P o 

£ 

3 

£ 2 

5 « 

v: P 

§ £ 

d 

d 

££ 

§ 5 
go 

£ 

P z 

O 

> z: 
c_ 5T 

C£ ~ 

> . 
tt o 

p d 

K 

P ^ 

v* 

o ~ 

> z± 

E-* £ 

X ~ 

x , 

K O 

P d 

i. 

32 

173 

71 

1.S4 

soo 

440 

11.3 

o 

90 

1S2 

S3 

2.02 

soo 

400 

9.0 

3. 

32 

173 

ss 

2.03 

900 

440 

10.2 

4. 

09 

«)•> 

171 

GO 

1.7S 

730 

410 

11.1 

5. 

34 

1S2 

92 

2.14 

S50 

400 

9.2 

(5. 

34 

172 

01 

1.72 

000 

350 

9.8 

7. 

34 

17S 

73 

1.91 

soo 

420 

11.0 

s. 

34 

172 

09 

1.S2 

730 

400 

10.0 

0. 

35 

107 

03 

1.72 

700 

410 

31.1 

10. 

Do 

10S 

75 

1.S5 

050 

350 

S.7 

11. 

3(5 

177 

os 

1.S5 

000 

320 

S.S 

12. 

.3(5 

190 

72 

1.9S 

750 

3S0 

10.4 

13. 

3(5 

1S1 

94 

2.15 . 

700 

350 

8.1 

14. 

37 

181 

07 

l.SS 

750 

400 

11.2 

15. 

3S 

174 

03 

1.70 

030 

300 

10.0 

Hi. 

38 

1S7 

SO 

2.00 

050 

320 

S.l 

17. 

39 

181 

77 

1.99 

900 

450 

11.7 

IS. 

39 

178 

S4 

2.02 

S50 

420 

30.1 

19. 

39 

170 

OS 

1.84 

750 

410 

11.0 

20. 

39 

1 S3 

04 

1 .85 

700 

3S0 

10.9 

21. 

40 

172 

57 

1.06 

550 

330 

9.0 

22. 

40 

175 

72 

1.S7 

SOO 

430 

11.1 

23.. 

40 

ISO 

87 

2.13 

700 

330 

S.O 

24. 

40 

17S 

07 

l.SS 

S50 

450 

12.7 

25. 

40 

172 

02 

1.74 

050 

370 

30.5 

2(5. 

42 

170 

00 

1.75 

575 

330 

9.0 

27. 

42 

103 

07 

1.75 

900 

510 

13.4 

28. 

42 

1SS 

7S 

2.04 

SOO 

390 

10.3 

29. 

43 

172 

07 

1.S2 

S30 

400 

12.4 

:x). 

44 

173 

OS 

1 .S3 

700 

3 SO 

10.3 

31. 

47 

1S5 

101 

2.25 

1000 

440 

9.9 


Table TV 

Total Heart Volexie, Heart Yoluxie Per Square Meter of Body Serfage and 
Per Kilogram of Body Weight of 101 Healthy Men 


1 


AVERAGE 

XI C.C. 

STAND- 
ARD DEVI- 
ATION , 
a | 

■ 

MEAN 

ERROR 

S 00 

xi + 2cr 

70 me.dieal 

Heart volume c.e. 

700.7 


17.4 

14.0 

457-945 

students 

Heart volume e.c./nW. 

371.7 


15.S 

7.0 

254-190 

apod 21-30 
voar? 

Heart volume e..c./kg. 

1 . I 


30.5 

0.2 

0.10-13.0 

31 men aged ! Heart volume c.c. 


100.5 

34.2 

pjSSH 

537-903 

32-47 vears ! 

Heart volume c.c./m2. 


45.S 

11.0 


303— ISO 

j Heart volume c.c.Ag* 1 

10.4 | 

1.3 



7.8-13.0 


We have not boon able to establish with certainty from these investiga- 
tions any pronounced difference between the age groups, even though 
there is a tendency toward a larger heart volume at a more advanced 
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age. In a previous paper, Nylin 11 (1935) calculated the heart volume of 
twelve healthy girls between twelve and fourteen years of age, and found 
that the mean value (standing) was 315 c.c. per m 2 of body surface. 
Comparing the results obtained for the girls and the results of this in- 
vestigation (Table V), there appears to be a tendency toward an increase 
in the heart volume per m 2 of body surface with increasing age, but un- 
fortunately the youngest group was not of the same sex as the other two 
groups. 

Table V 

Total Heart Volume and Heart Volume Per Square Meter op Body Surface 

at Different Ages 



AOE (YR.) 

HEART VOLUME 

C . C . , 

C.C./ M 2 . 

At + 2 <T 
C.C./M 2 . 

12 girls 

12-14 

417 

315 

255-375 

70 men 

21-30 

701 

372 

254-490 

31 men 

32-47 

750 

395 

303-4S6 


SUMMARY 

We have determined by simultaneous roentgenograms, in two projec- 
tions at right angles, values for the volume of the heart in 101 healthy 
men, aged from 21 to 47 years, and found that the normal heart volume 
varies between 7.0 and 13.0 c.c. per kilogram body weight and between 
250 and 490 c.c. per m 2 of body surface. 
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FOLLOW-UP STUDY OF SYSTOLIC MURMURS* 


M. J. Shapiro, M.D. 

Minneapolis, Minn. 

'I ’HE systolic murmur, which had so long been considered insignifi- 
cant, has again gained a position of importance. Those of us who 
examined the “command for cardiovascular disease” during the last 
war can remember that we were instructed to disregard the systolic mur- 
mur. It was the accepted teaching during that period that so-called 
functional or nonpathologic murmurs were common in normal, healthy 
individuals. It was taught that mitral regurgitation rarely occurred 
without stenosis and that the systolic murmur alone did not mean mitral 
disease. Some believed that the use of the stethoscope had done more 
harm than good. This was in contrast to the point of view held in the 
period just after the discovery of the stethoscope. At that time, every 
murmur in the heart was considered indicative of organic heart disease. 
Systolic murmurs at the apex were believed to he diagnostic of mitral 
regurgitation. In the past few years, however, the pendulum has made 
another wide sweep in the opposite direction and we are now advised 
that almost every systolic murmur is of significance and needs to be care- 
fully studied; that while nonpathologic murmurs do exist, they are much 
fewer in number than formerly believed. We arc told that, by careful 
'physical examination, it will be found that most of these murmurs mean 
either organic heart disease or are indicative of heart abnormalities 
secondary to such conditions as anemia, hyperthyroidism, or hyper- 
tension. 1 The two most recent reports on the systolic murmur, by White 2 
and Levine, 1 were based on a single examination of a large number of 
individuals with no follow-up study. 

At the Lymanhurst Heart Clinic we have been able to carry on a fol- 
low-up study on 102 patients on whom an original diagnosis of non- 
pathologic murmur was made. The initial examination as well as all 
subsequent follow-up examinations were made by the writer. This is a 
select group, in that every effort, was made to exclude all patients with 
possible early organic heart disease. The criteria for making a diagnosis 
of nonpathologic murmur were as follows: (1) No history of rheumatic 
infection; (2) murmur in the heart not characteristic of congenital heart 
disease; (3) heart normal in size and contour, as shown by postero- 
anterior and lateral roentgenograms and by fluoroscopy when indicated; 
(4) no evidence of anemia or hyperthyroidism. 

Patients who gave a history of rheumatic infection but whose hearts 
were normal roentgcnologically were classified as having “potential 

•From the I.ymnnhuist Health Center, Department of Cardiac Activities. Minne- 
apolis. Minn. 

Head before the Meet Inst of The American Heart Association in San Francisco, 
June 10. 193S. 

Deceived for publication Alls. £ 0 , 19?.S. 
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heart disease” whether they had a systolic murmur or not, and were 
not included in this study. 

Those who had loud, harsh murmurs at the base of the heart con- 
sidered characteristic of congenital heart disease were excluded even 
though the heart was found to be normal in size and contour. 

Although this group is small, it consists of patients tvho were carefully 
selected and in whom a diagnosis of nonpatliologic murmur was based on 
a careful history and physical examination, including roentgenologic 
studies, electrocardiograms, and other necessary laboratory procedures. 
These patients had been referred to the clinic for cardiac examination 
because a murmur had been found in the heart either by the school 
physician or family doctor. In many of them a previous diagnosis of 
leakage of the heart had been made, and a. number of them had been 
refused life insurance or had been “rated up” because of a heart 
murmur. 

Table I 

Age of Patients 


YEARS OF 

FIRST EXAMINATION 

TOTAL 

LAST EXAMINATION 

TOTAL 

AGE 

MALE 

FEMALE 

MALE 

FEMALE 

jKf 

39 (65.0) 
21 (50.0) 

23 (35.9) 
19 (45.2) 

62 (60.S) 
40 (39.2) 

9 (40.9) 

23 (69.7) 

24 (53.3) 

4 (80.0) 

12 (54.5) 
10 (29.4) 
19 (44.2) 

1 (20.0) 

21 (20.6) 
33 (32.4) 
43 (42.2) 

5 ( 4.9) 

Total 

60 (58.8) 

42 (41.2) 

102 

60 (58.8) 

42 (41.2) 

102 


Age of Patients . — Table I indicates that a total of 102 patients were 
studied, of whom sixty were males and forty-two females. The ages 
of these patients at the first and last examinations are given. The com- 
mon belief that functional murmurs are more common in the female is 
not borne out by these figures. About one-half of the patients were fol- 
lowed from childhood to early adult life. 


Table II 

Years Followed With Relation to Change in Diagnosis 
(Average Number of Years Followed 4.6) 


YEARS 

FOLLOWED 

NUMBER 

OF CASES 

NO 

CHANGE 

NO HEART 

DISEASE 

CONGENITAL 

HEART 

DISEASE 

rheumatic' 

HEART 

DISEASE 

POSSIBLE 

EARLY 

HYPERTENSION 

2- 4 

61 (59.8) 

47 (77.0) 


2 ( 3.3) 

1 (1.6) 


5- 8 

31 (30.4) 

24 (77.4) 

4 (12.9) 



3 ( 9.7) 

9-12 

10 ( 9.8) 



1 (10.0) 


2 (20.0) 

Total 

102 

I 76 (74.7) 

1 17 (16.7) ] 

3 ( 2.9) 

1 (1.0) 

5 ( 4.9) 


Number of Years Followed and Change of Diagnosis . — Table II cor- 
relates the number of patients in whom a change of diagnosis was made 
with the number of years observed. In seventy-six children the mur- 
mur persisted throughout, in seventeen the murmur disappeared, while 
in three instances the diagnosis was changed to “probable congenital 
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heart disease. This change in diagnosis was based both on an altera- 
tion in the intensity of the murmur and roentgenologic changes. It is of 
interest to consider somewhat in detail these three patients. The first 
patient was initially examined in 1928, when he was 8 years of age. At 
that time a localized systolic murmur was found at the apex. The roent- 
genologic examination revealed that the heart, was normal in size and 
contour. The patient was not examined again until 1932, when the same 
murmur was again heard, but on roentgenologic examination the heart 
was found to be moderately enlarged. The contour was considered 
atypical. The electrocardiogram was normal but a definite diagnosis 
could not be made. The patient was examined each year thereafter until 
February, 193S. It was not until 193S that a definite diagnosis of con- 
genital heart disease was made. The second patient was first examined 
in 1935, when a short harsh murmur was heard along the left border 
of the sternum. The murmur was thought to vary considerably with 
respiration and was not transmitted. A diagnosis of nonpathologic 
murmur was made. The patient was not seen again until February, 
1938, when, as a result of clinical and roentgenologic examinations, a 
fairly definite diagnosis of congenital heart disease was made. In this 
case, the roentgenologic examination revealed that the heart was normal 
in size. There was, however, a moderate enlargement of the pulmonary 
artery, especially well demonstrated on fluoroscopic examination, which 
was thought to be quite characteristic of congenital heart disease. In 
t he third case, the patient was first examined in 1935, when a systolic 
murmur was heard over the base of the heart. The murmur was then 
thought to be of no importance. He was again examined in 1936. The 
same murmur was heard and it was still considered nonpathologic in na- 
ture. Roentgenologic examination revealed that the heart was normal 
in size and contour on both occasions. However, in April, 193S, when 
the patient was re-examined, the murmur had become much louder and 
much more prolonged and was heard along the left border of the 
sternum as well as at the apex. The teleoroentgcnogram and esopha- 
grain revealed that the heart was normal in size and contour. However, 
on fluoroscopy, there was slight enlargement of the pulmonary artery, 
and this finding, together with the increased length and intensity of 
the murmur, was considered at least suggestive of congenital heart dis- 
ease. 

Twenty-nine of these patients when originally examined gave a his- 
tory of so-called “growing pains” which we considered nonrheumatic 
in nature. Many such patients are being considered rheumatic because 
of “growing pains” alone, and no attempt is made to differentiate such 
patients from those suffering from subacute rheumatic fever. It has 
been my contention’ that such a differentiation is possible by careful 
clinical analysis. The results of this follow-up study tend to substantiate 
my point of view, as none of these twenty-nine patients subsequently 
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developed rheumatic heart disease. The one patient who developed 
aortic regurgitation gave no histoiy of rheumatic fever or of growing 
pains.” He was examined first in 1935, when a localized systolic mur- 
mur was heard at the apex. This was considered functional in nature. 
On repeated examinations, from 1935 to 1937, the same murmur was 
heard, while roentgenologic studies revealed that the heart was normal 
in size and contour. In 1938, however, a faint diastolic murmur was 
heard along the left border of the sternum and the heart was slightly 
enlarged; the contour suggested early left ventricular enlargement. 

In five patients the diagnosis was changed to “possible early hyper- 
tension.” The systolic blood pressure was between 140 and 150 mm. Hg 
in four of them; while in one case the blood pressure was 180/94. These 
patients were all males, and their ages ranged from 17 to 26 at the final 
examination. At first glance this might appear to be of significance, but 
it has been observed 4 that of any group of young people followed over 
a period of years 4 to 5 per cent will show mild hypertension by the time 
they reach early adult life. 

Of the 102 cases in which nonpathologic murmur was originally diag- 
nosed, in one instance a definite diagnosis of congenital heart disease was 
finally made, while in two instances it was concluded that a congenital 
lesion was possibly present. In one case aortic regurgitation developed; 
while in five instances early lypertension seemingly occurred. If these 
last five subjects are considered normal and the two questionable con- 
genital lesions are excluded, it can be concluded that a correct diagnosis 
of nonpathologic murmur was made in 9S per cent of our cases. 

Location and Intensity of Murmurs. — It has been pointed out by a 
number of investigators that the murmurs of greater intensity and 
length are much more likely to be significant of organic heart disease. 
Levine, 1 in his recent report, states that murmurs which were found 
to be functional in nature were usually short and of slight intensity. 
It is of interest, then, to classify the murmurs in the patients observed 
in this study. We have used an arbitrary classification of one plus to 
five plus, similar to Levine’s classification; a one-plus murmur indicates 
a systolic murmur heard well into systole, but short and not intense. 
These were definite murmurs and not simply roughening of the first 
sound. The two-plus murmur is somewhat louder and longer, etc., until, 
by a five-plus murmur, is meant one which is very loud and very rasping, 
such as is heard most commonly in congenital heart disease. 

Fig. 1 reveals that our findings tend to corroborate the point of 
view that the great majority of murmurs found to be nonpathologic in 
nature are of slight intensity. 

Change in Diagnosis with Delation to Intensity and Transmission of 
Murmurs. — It seemed of value to determine whether or not the intensity 
and transmission of murmurs were significant in relation to the change in 
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Figr. 1. — Location and intensity of murmur. Intensity of murmurs rated one-plus to 

five-plus. 

diagnosis. It, has long been taught that murmurs of greater intensity 
which were well transmitted into the axilla or heard through to the back 
and those which obscured the first sound were most probably due to 
organic heart disease. It is to be noted (Fig. 2) that in almost every 
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Ki*r. 2 . — Clump* in diagnosis in relation to intensity and transmission of murmur. 
Intensity of murmurs rated ono-plus to five-plus. 
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instance in which the diagnosis was changed to organic heart disease or 
possible early hypertension, the murmur became greater in intensity and 
was heard in the axilla or through to the back. These findings would 
tend to indicate that murmurs of greater intensity are more suggestive 
of organic heart disease and that most functional sj'stolie murmurs are 
short, do not obscure the first sound, and are rarely heard in the axilla 
or through to the back. 

Roentgenologic Studies .- — -Probably one of the most important methods 
of differentiating between murmurs of organic nature and those con- 
sidei’ed functional is the roentgenologic examination, including fluor- 
oscopy. For a number of years in our clinic it has been customary to 
obtain at least a teleoroentgenogram of every patient who reported, 
whether or not clinical evidence of heart disease was noted. We have 
been able to keep down the expense of this procedure by the use of paper 
films. These films have proved entirety satisfactory as far as our work 
is concerned. 

At the first examination all but one of these patients had a teleoroent- 
genogram. Twenty-two of them had lateral films, with the esophagus 
filled with barium, as well. The hearts of all of them were considered 
normal in size and contour. At subsequent, and especially at the last 
examination, every patient had posteroanterior and lateral films taken 
and forty-turn were fluoroscoped. 

The importance of fluoroscopy as well as oblique films of the heart has 
been stressed in recent years. 5 There can be no question that free use 
of the roentgenologic method will aid greatly in cardiac diagnosis. In 
children and young adults, however, considerable experience is necessary 
in interpreting oblique films. This is especialty true of fluoroscopy. As 
is well known, the heart in the young appears relatively large and, in 
many instances, it is difficult to decide definitely whether or not a slight 
enlargement of the conus pulmonus or pulmonary artery is present. It 
is my impression that roentgenologic studies of the heart are more 
efficiently done and prove of more practical value when carried out by 
the cardiologist rather than the roentgenologist. It is significant, too, 
that, in sixteen of the 102 patients, at the first roentgenologic examina- 
tion mention was made of “possible slight cardiac enlargement” or 
“possible slight enlargement of the conus pulmonus or pulmonary 
artery, ’ ’ and yet follow-up study showed that the heart was noi’mal in 
every one of these patients. The eardiothoracic ratio so commonly used 
at present in measuring the heart is notoriously incorrect. This is 
especially true in growing children. In children with normal hearts, 
at one age the transverse diameter of the heart may be slightly over 50 
per cent of the total transverse diameter of the chest, and yet on subse- 
quent examinations, with no disease developing in the heart, the size of 
the heart will be found normal. 
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The electrocardiogram was found to he of little value in differen- 
tiating between functional and organic murmurs. At the first, exam- 
ination, eighteen were obtained, while at the last examination fifty-seven 
were taken, and in none of them were abnormalities found. 

There have been a number of recent studies indicating that the func- 
tional systolic murmur is commonly produced by increased velocity of 
blood flow. It is well known that with tachycardia murmurs often appear 
at the apex and base of the heart and commonly disappear when the 
heart slows down. In our group of eases, however, only in nine patients 
was a rapid heart rate noted. It has also been stated that underweight 
individuals whose chests tend to be flat are those who most commonly 
present, nonpathologic murmurs. In the great majority of our patients 
the height and weight were within normal limits. 

DISCUSSION 

This study indicates that every systolic murmur is of importance 
and needs to be carefully considered before concluding that it is non- 
pathologic. It also corroborates the point of view Unit short murmurs 
of slight intensity, whether they occur at the apex or base of the heart, 
are most probably nonpathologic, especially when they are not well trans- 
mitted. Follow-up examinations show, however, that with careful his- 
tory taking and complete physical examinations, including roentgen- 
ologic studies, a diagnosis of nonpathologic murmur can be made with 
a 'high degree of accuracy. 


CONCLUSIONS 

(1) One hundred two patients with nonpathologic systolic murmurs 
were followed over a period of years, and the original diagnosis was 
found to be correct in 9S per cent. 

(2) Murmurs of nonpathologic nature are most likely to be short and 
of slight intensity and are not well transmitted. 

(3) A diagnosis of nonpathologic murmur can be made with a high 
degree of accuracy if careful histories arc taken and complete physical 
examinations, including, especially, roentgenologic studies, arc made. 
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TRANSIENT BUNDLE BRANCH BLOCK AND OTHER 
ELECTROCARDIOGRAPHIC CHANGES IN 
, PULMONARY EMBOLISM* 

Thomas M. Durant, M.D., I. W. Ginsburg, M.D., and 
Hugo Roesler, M.D. 

Philadelphia, Pa. 

R EPORTS of studies concerning the electrocardiographic changes in 
cases of pulmonary embolism have been appearing in the medical 
literature with increasing frequency. The purpose actuating these 
studies has been the search for characteristic changes which might aid 
in the differentiation of this condition from coronary occlusion, a dif- 
ferentiation which has often been the source of great difficulty to the 
practitioner. The clinical features so often relied upon for the diagnosis 
of coronary occlusion may be duplicated in practically every respect by 
pulmonary embolism. This is true of the sudden onset with collapse, 
dyspnea, and vomiting, the substernal pain, the drop in blood pressure, 
aud the fever and leueocytosis. Furthermore, a pericardial friction rub 
may be heard in pulmonary embolism, due presumably to dilatation of 
the pulmonary artery and conus, thus leading to confusion with the fric- 
tion rub so often heard in anterior cardiac infarction. The hemoptysis 
and pleural friction rub classically associated with pulmonary embolism 
are frequently absent in that condition. 

Differentiation of the two conditions by means of the electrocardio- 
gram has not yet been established on a solid foundation. McGinn and 
White , 1 in discussing “the acute cor pulmonale’’ of pulmonary embolism, 
demonstrated electrocardiographic changes of a temporary nature, con- 
sisting in the presence of a Q-wave and late inversion of the T-wave in 
Lead III, a rather low origin of the T-wave with a gradual, staircase 
ascent of the ST interval in Lead II, a prominent S-wave and a slightly 
low origin of the T-wave in Lead I, and an upright T-wave (with in- 
verted P- and QRS-waves) in Lead IV. Such changes in the standard 
electrocardiogram simulate those seen in infarction of the diaphragmatic 
surface of the heart (the so-called Q 3 T 3 type of electrocardiogram). 
These authors believed that Lead IV would serve for differentiation inas- 
much as this lead may show an abnormal T-wave, whereas in infarction 
of the diaphragmatic surface of the heart T., is usually normal. Barnes 2 
was in accord with McGinn and White concerning the importance of 
Lead IV, and emphasized the diagnostic importance of the large S x in 
pulmonary embolism, a deflection usually absent, or very small, in the T 3 
type of electrocardiogram of coronary thrombosis. 

‘From the Department of Internal Medicine, Temple University Medical School. 
Received for publication Aug. 27, 1938. 
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Love and Brugleiy" however, in a recently reported study of live cases 
of pulmonary embolism, pointed out that S t was present in only two ol' 
their cases, and that T< was often of no value in the differentiation from 
coronary thrombosis. In two of their cases, marked S-T segment de- 
pression was present in Lead I. They have concluded that there is no 
electrocardiogram characteristic of pulmonary infarction. 

The purpose of this communication is to report three cases of pul- 
monary embolism, observed at Temple University Hospital, in which 
striking serial electrocardiographic changes were observed. A study 
of these electrocardiographic changes reveals further information which 
may be of value in clarifying the sequence of electrocardiographic events 
associated with acute pulmonary disorders, and make possible a more 
accurate means of differentiation from coronary occlusion. 



Fif:. 1. — Serial electrocardiograms in Case 1. A, Two hours after onset of symp- 
toms of pulmonary embolism; B, twelve hours after onset; C, forty-eight hours after 
onset ; D, twenty clays after onset. For description, see text. 


CASH 1. — J. At., a man (19 years old, was admitted to Temple University Hospital 
Feb. 7, lO.'Ul, for treatment of an intraeapsular fracture of the left femur which 
had been incurred three days previously. History and examination were entirely 
negative except for the findings relative to the fracture. On Feb. 11, 19110, a 
Smith-Peterson nail was introduced, under spinal anesthesia, to secure fixation of the 
fragments. The patient's postoperative condition was good. On Mar. 3, ]9.'5G, while 
sitting in bed, he suddenly experienced severe dyspnea, became markedly cyanotic, 
and perspired profusely. There was no pain. The blood pressure was OS/40. 
Stimulants were administered and the patient placed in an oxygen tent. His general 
condition improved rapidly, and the following day the blood pressure was 110/70. 
Electrocardiograms were taken at intervals of two hours, twelve hours, forty-eight 
hours, and twenty days after the attack. These are shown in Fig. 1. A roentgeno- 
gram of the chest taken three days after the attack showed an area of abnormal 
density in the right lung field. 

Cask 9. — ]>. P„ a woman fit; years of age. was admitted to Temple University Hos- 
pital July 21, HK’.t, complaining of severe pain in the right upper quadrant of the 
abdomen. She had had an attack of gall 1, ladder colic two years previously, but the 
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history was otherwise negative. Operation, on the day of admission showed acute 
pancreatitis and cholangitis. A eholecystostomy was done, and the abdomen drained. 
The postoperative course was stormy. On the twenty-second postoperative day she 
experienced sudden, severe, precordial pain and oppression, dyspnea, and anxiety. 
There were marked cyanosis, circumoral pallor, a rapid, thready pulse, and profuse 
perspiration. The blood pressure was S4/G0. Recovery from this attack was 



very slow, and was later complicated by the development of a left-sided peri- 
nephritic abscess which was drained on Sept. IT, 1934. Eventually the patient made 
a complete recovery, and on a recent visit to the hospital (Nov. 15, 1937) a com- 
plete examination, including thorough cardiac study, was entirely negative, except 
for the possibility of residual gall bladder disease. Electrocardiograms taken at 
intervals following the attack of pulmonary embolism and again at the time of the 
recent examination are reproduced in Fig. 2. The diagnosis of pulmonary infarction 
was substantiated in this case by the roentgenologic findings soon after the attack. 
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Case 3.— M. B., a woman 54 years of age, was admitted to Temple University 
Hospital April 2S, 1938, complaining of pain in the left loin and hematuria. Exami- 
nation was negative except for obesity and a blood pressure reading of 170/90. 
A left-sided pyelolitliotomy was performed on April 30, 193S. There were no 
unusual postoperative developments until the twelfth postoperative dav, when the 
patient suddenly felt weak and cold, and noted tightness under the sternum. She 
was markedly dyspneic, cyanotic, and apprehensive. There was profuse perspira- 
tion. The pulse was regular and its rate was 120 a minute. Crepitant rales were 
heai d at the base of the right lung. The blood pressure was 132/S4. The pa- 
tient’s condition gradually improved, and by May 5, 1938, the blood pressure had 
risen to the preoperative level. Pleural pain over the base of the right lung de- 
veloped on May 14, 1938, and persisted until May 25, 193S. The rales were con- 
tinuously present throughout this period, together with dullness and diminished 
breath and voice sounds over the right lower lobe. The patient made an uneventful 
recovery following this and was discharged on June 2, 193S, in good condition 



3 -~ Seri . al electrocardiograms in Case 3. A, Taken six hours after onset of 
symptoms of pulmonary embolism ; B, twenty-four hours after onset ; G, six days after 
°i n * ’ ^ twenty days after onset. In Lead IV relative negativity of the anterior 
electrode is represented by a downward deflection. For description, see text. 


The first electrocardiogram was not taken in this case until six hours after the 
onset of symptoms of embolism. This electrocardiogram, together with subsequent 
tracings, is reproduced in Pig. 3. The patient was given 1.3 gin. of digitalis in 
the interval between curves A and B. Ho digitalis was given following this. 

% 

DISCUSSION OF ELECTROCARDIOGRAMS 

For purposes of convenience and clarity in description, the discussion 
of the electrocardiographic changes in the cases above reported will he 
divided into the early and later changes. The early changes are those 
which appear within an hour or two after onset; while the later changes, 
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' which consist in a gradual reversion of the early changes toward the 
normal, are seen some hours later, and extend over a period of days. 
It will be apparent from the discussion that the serial changes are 
much more rapid in their progression than are those following coronary 
occlusion. 

Early Changes . — The early electrocardiograms in Cases 1 and 2 (Figs. 
1 A and 2 A, respectively) were taken within two hours of the onset of 
pulmonary embolism. Intraventricular block is present in each, and 
is of the type shown by Wilson, et al., 4 to be due to a conduction dis- 
turbance in the right bundle branch. In Case 1 the QRS interval 
measures 0.13 second, and in Case 2 it measures 0.12 second. In both 
instances there is an initial, narrow, upward spike, followed by a broad, 
U-shaped S-wave in Leads I and II. In Lead III in Case 2 there is a 
broad R-wave corresponding to the S-wave in the other two leads. 

The majority of electrocardiograms published in the literature as 
examples of the changes occurring in pulmonary embolism are curves 
taken at longer intervals following the onset of symptoms than are these 
first curves. One curve obtained by McGinn and White, however, was 
taken two hours after the attack. This electrocardiogram showed a 
rather broad, somewhat rounded S-wave in Lead I, similar in contour to 
that seen in our cases, but without prolongation of the QRS interval 
beyond normal limits. This curve would seem to represent a stage of 
transition between our early changes and those to be described as later 
changes. 

In two of the five cases reported by Love and Brugler there may have 
been early changes, but the exact time at which the electrocardiograms 
were taken is not mentioned in their report. The electrocardiograms in 
these two cases do not show QRS prolongation, but, instead, marked dis- 
placement of the S-T segment in all leads. 

Pick 5 has published an electrocardiogram taken before, and another 
taken a few minutes after, the onset of pulmonary embolism. The 
electrocardiogram before the attack showed a QRS interval of 0.08 
second, and was normal except for slight left axis deviation, but the 
curve taken immediately after the attack showed right bundle branch 
block with broad S-waves in Leads I and II and a QRS interval of 0.12 
second. The patient died four hours after the onset of symptoms. Post- 
mortem examination showed an embolus involving the main stem of the 
pulmonary artery. No coronary or myocardial disease was found. 

In another ease seen by one of us (T. M. D.) at the Desert Sanatorium 
of Southern Arizona, but not reported in detail in this article, right 
bundle branch block was observed in the electrocardiogram of a patient 
with pulmonary tuberculosis who had developed thrombotic occlusion of 
the artery to the middle lobe of the right lung with ensuing infarction 
and abscess formation in that lobe. The clinical picture with the onset 
of the infarction was similar to that of coronary occlusion, and included 
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the presence of a pericardial friction rub on the day of onset of symp- 
toms. The electrocardiogram, taken within two hours of the onset of 
the attack, showed a broad S-wave in Lead I, and a QRS interval of 0.1 
second. At post-mortem examination no evidence of coronary or myo- 
cardial disease was found. 

Later Changes . — The transient character of the bundle branch con- 
duction disturbance in cases of pulmonary embolism in which the patient 
recovers is demonstrated by its total absence in curves taken five hours 
(Case 2, Fig. 2 B), and twelve hours (Case 1, Fig. IB) after onset. The 
QRS complex is of normal duration in both, and the broad U-shaped 
S-wave in Lead I has been supplanted by a sharp, narrow deflection. 
The staircase ascent of the S-T segment is now well demonstrated in 
Case 2. This latter phenomenon is also of short duration, however, hav- 
ing given way to a more normal contour in the curve taken twenty -two 
hours after onset (Fig. 2C) . In Case 1 the staircase ascent of the S-T 
segment was not present in the second curve, but this may be due to the 
fact that it was taken at a longer interval after onset (twelve hours) 
than was the second curve in Case 2, or the first curves of McGinn and 
White. 

An important feature in the later serial changes is the eventual dis- 
appearance of the S-Avave in Lead I. In Case 1 it had disappeared in 
the curve taken twenty days after the attack. In Case 2 it was still 
present in the curve taken five days after onset, but had disappeared 
in the curve taken three years later. It is possible, of course, that the 
disappearance in this case may have taken place at a time correspond- 
ing to that in Case 1, but interval electrocardiograms are lacking to 
demonstrate this point. In Case 3 the S-wave in Lead I had disappeared 
in the curve taken twenty-four hours after the attack (Fig. SB). 

The series of electrocardiograms in Case 3 (Fig. 3) lacks a curve taken 
within six hours after the onset of pulmonary infarction, when the in- 
traventricular conduction disturbance in Cases 1 and 2 was demon- 
strated. The first curve in this series corresponds in contour with Fig. 
2 B of Case 2, and was taken at a similar interval after onset of symp- 
toms. It presents an S-wave in Lead I, a staircase ascent of the S-T 
segment in Lead I, and, in Lead III, a Q-wave with an inverted T-wave. 
In the second electrocardiogram, taken twenty-four hours after onset, 
and in the subsequent curves, the S-wave in Lead I is absent. The S-T 
changes in Leads I and II have been modified, probably by reason of 
the digitalis received by the patient in the interval between the taking 
of the first and second curves. 

Lead IV was not taken with sufficient frequency in this series of cases 
to allow any conclusions to be drawn concerning its characteristics. In 
Case 3, the only one in which this lead was used throughout, the first 
curve showed a positive, or normal, T 4 . This was modified somewhat 
in the later curves, possibly by the effect of digitalis. In this case 
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Lead IV would have been of no value in differentiating between pul- 
monary embolism and coronary occlusion. Unfortunately this lead was 
not taken in either Case 1 or Case 2 at a time when the intraventricular 
conduction disturbance was present. 

COMMENT 

A review of the standard leads in the three cases reported, together 
with a study of curves published by others, leads us to the opinion that 
there is a rapid series of electrocardiographic changes associated with 
acute pulmonary heart disease which may be summarized as follows : 

Early . — (1) Intraventricular block of the right bundle branch type, 
with a broad, shallow S-wave in Lead I and II; (2) marked depression 
of the S-T segment in Leads I and II may be present, as in the cases 
reported by Love and Brugler. 

Later. — (1) Re-establishment of normal intraventricular conduction 
associated with the supplanting of the broad S-wave in Leads I and II 
by a wave of sharp, narrow contour; (2) a sloping ascent of the S-T 
segment in Leads I and II; (3) a Q-wave and inverted T-wave in Lead 
III. 

Subsequently . — A disappearance of the above changes by a gradual 
process of reversion toward the normal, except for the persistence, in 
some, of the changes in Lead III. 



Fig. 4. — Electrocardiogram (Lead II) of a dog before (A) and after ( B ) the rapid 
injection of 30 c.c. of air into the femoral vein. 

This series of changes, with its dramatic onset in temporary right 
bundle branch block and the subsequent reversion to normal, we have 
never seen in coronary occlusion, nor have we seen it in any condition 
other than acute pulmonary heart disease. It is true that atypical right 
bundle branch block of the type described may appear following the 
onset of coronary occlusion, but, when such is the case, the conduction 
disturbance does not rapidly subside with a gradual narrowing and 
eventual complete disappearance of the S-wave in Lead I. We feel that 
the serial changes described are characteristic of acute pulmonary heart 
disease, and may prove to be an important diagnostic aid. It is to be 
emphasized, however, that the most significant features appear very soon 
after the onset of the condition and disappear very rapidly. In order 


430 


THE AMERICAN HEART JOURNAL 


to be of the greatest diagnostic value, therefore, the electrocardiographic 
study should be begun within the first hour or two after the onset of 
symptoms in a case of suspected pulmonary embolism. 

The mechanism responsible for these electrocardiographic changes is 
not understood. Experimental studies® show that changes in the QRS 
complex identical with those seen in Pig. 1 A and Fig. 2 A may be pro- 
duced in dogs by air embolism from the systemic venous circulation 
(Fig. 4). These changes come on at a time when there is noted, in open 
chest experiments, a sudden dilatation of the right ventricle following 
the injection of the air. Evidence will be published to show that, in 
these experiments, anoxemia was not responsible for the changes induced 
by the air embolism. Whether sudden dilatation of the right ventricle 
can be held as the only factor in their production will require further 
experimental study. 


SUMMARY 

Transitory electrocardiographic changes which have their onset in 
right bundle branch block and occur in association with pulmonary 
embolism are described and their diagnostic significance discussed. The 
importance of the very early conduction disturbance, occurring within a 
few hours of the onset of the condition, and the rapidity with which this 
disturbance regresses are emphasized. 
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TUMORS OF THE HEART AND PERICARDIUM* t 

Roy W. Scott, M.D., and Curtis F. Garvin, M.D. 

Cleveland, Ohio 

M ANY references to tumors of the heart and pericardium are found 
in past writings, but most of these are concerned with isolated case 
reports. The prevailing impression is that tumors of the heart and peri- 
cardium are quite rare. In 298 autopsies on patients with malignant 
disease, Symmers 1 found discrete metastases in the heart in only five 
cases (1.6 per cent). Statistical studies of Kitain, 2 Janusz, 3 and others 
record only occasional cases in which there were myocardial metastases. 
In a recent review of the subject, Yater 4 lists numerous autopsy series 
that have been investigated in regard to the occurrence of cardiac 
metastases and concludes that tumors of the heart and pericardium are 
rare. 

Since Yater ’s review, five additional series have been published. Lym- 
burner 5 found fifty-two secondary and four primary tumors of the heart 
in 8,500 autopsies at the Mayo Clinic. Pollia and Gogol 0 studied 12,000 
autopsies at the Los Angeles General Hospital and found 1,450 cases of 
malignant tumors with twenty-nine secondary tumors of the heart. 
Helwig 7 reported nine eases of tumor of the heart in 1,000 autopsies 
at St. Lukes’ Hospital in Kansas City. Burke 8 reported fourteen 
metastatic tumors of the heart in 327 cases of known malignant disease. 
Willis, 0 in 323 autopsies on patients with malignant tumors of all kinds, 
found metastatic growths in the myocardium in twenty cases, an in- 
cidence of 6.2 per cent. 

Among 1,082 cases of malignant disease appearing in a series of 11,100 
consecutive post-mortem examinations performed at the Cleveland City 
Hospital during the past twenty years, the heart was involved by 
metastases in 79; the parietal pericardium in 61; the heart and parietal 
pericardium together in 22; and the heart or parietal pericardium, or 
both, in 118. These results are summarized in Table I. 

In this study, sarcoma and lymphoblastoma* involved the heart and 
pericardium relatively more often than did carcinoma, but the number 
of cases of sarcoma and lymphoblastoma in the series is small, so that 
no definite conclusion can be made. Actually carcinoma accounted for 
most of the cases, as shown in Table II. 

'From the Department of Medicine of Cleveland City Hospital and the School of 
Medicine of Western Reserve University. 

fRead in abstract at the Meeting- of the American Heart Association held at San 
Francisco, Calif., on June 10, 1938. 

Received for publication Aug. 29, 1938. 

*Under lymphoblastoma are included cases of lymphatic leucemia, lymphosarcoma 
Hodgkin’s Disease, and reticulum cell sarcoma. 
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Table I 

Incidence of Involvement of the Heart and Pericardium in 1,0S2 Cases of 

Malignant Disease 





NUMBER OF 

CASES 

PERCENTAGE OF 
1,0S2 CASES OF 
MALIGNANT 

DISEASE 

Heart 



79 

7.3 

Parietal pericardium 


61 

5.7 

Both heart and parietal pericardium 

22 

2.0 

Heart or parietal pericardium or both 

ns 

10.9 



Table II 



Incidence of Involvement of the Heart 

and Pericardium 

by Carcinoma, 

Sarcoma, Lymphoblastoma, 

Myelogenous Leucemia, and Mixed Tumors 





metastases to 



metastases 

heart or 

tumor types 


„„ ™ TO parietal 

PARIETAL PERI- 




PERICARDIUM 

CARDIUM OR 





BOTH 

Carcinoma 

943 

53 

54 

89 

Sarcoma 

61 

11 

5 

13 

Lymphoblastoma 

57 

13 

1 

14 

Myelogenous leucemia 

14 

2 

1 

2 

Mixed tumors 

7 

0 

0 

0 


10S2 

79 

61 

ns 


In the cases recorded in the literature, metastases to the heart and peri- 
cardium have occurred from neoplasms involving practically every organ 
of the body. The distribution of the primary tumors metastasizing to 
the heart and pericardium in our material is shown in Table III. 

From Table III it is apparent that carcinoma of the bronchus and 
breast is of paramount importance as a source of secondary tumors 
of the heart and pericardium, the incidence of involvement being 35.6 
per cent in both instances. Reticulum cell sarcoma, melanoma, lymphatic 
leucemia, and chloroma metastasized to the heart frequently (all 50 per 
cent or more), but the number of cases is too small to be of statistical sig- 
nificance. 

Our observations show that true embolic metastasis via the coronary 
arteries was the most common mode of involvement of the heart. Direct 
extension from either a primary or secondary tumor in the lung or a 
secondary tumor in the mediastinal lymph nodes was next in frequency, 
and invasion through the lymphatics (retrograde in the case of the 
heart, Aubertin, 10 Wolf and Giet 11 ) was the least common. 

The most common mode of involvement of the parietal pericardium 
was by extension. Hematogenous metastasis was next in frequency, and 
lymphatic metastasis was least common. Table IV summarizes the find- 
ings in regard to the mode of involvement. 
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Table III 


The Distribution of One Hundred Eighteen Secondary Tumors of the 
Heart and Pericardium 


primary tumor 

a w 
w ca 
« < 
s ° 

S 

J5 o 

META STASES 

TO HEART 

metastases 

TO PARIETAL 

pericardium 

metastases to 

both heart 

AND PARIETAL 
PERICARDIUM 

METASTASES TO 

HEART OR PARIETAL 

PERICARDIUM 

OR BOTH 

Carcinoma of bronchus 

115 

30 

26 

15 

41 

Carcinoma of breast 

45 

3 

13 

0 

16 

Reticulum cell sarcoma 

9 

6 

0 

0 

6 

Melanoma 

10 

5 

2 

2 

5 

Lymphatic leucemia 

11 

6 

0 

0 

6 

Chloroma 

3 

2 

0 

0 

2 

Leiomyosarcoma 

G 

1 

2 

0 

2 

Carcinoma of bladder 

25 

0 

1 

0 

i 

Carcinoma of cervix 

49 

2 

0 

0 

2 

Carcinoma of colon 

27 

0 

1 

0 

1 

Carcinoma of esophagus 

61 

2 

2 

0 

4 

Carcinoma of kidney 

19 

3 

1 

1 

3 

Hypernephroma 

12 

1 

0 

0 

1 

Carcinoma of liver 

21 

2 

1 

0 

3 

Carcinoma of pharynx 

9 

1 

0 

0 

1 

Carcinoma of lip 

5 

1 

0 

0 

1 

Carcinoma of ovary 

19 

1 

0 

0 

1 

Carcinoma of pancreas 

45 

2 

2 

0 

4 

Carcinoma of prostate 

5G 

0 

2 

0 

2 

Carcinoma of rectum 

39 

2 

2 

1 

4 

Carcinoma of stomach 

201 

1 

1 

0 

2 

Metastatic carcinoma 

16 

2 

1 

1 

2 

(primary undetermined) 






Neurofibrosarcoma 

2 

1 

0 

0 

1 

Retroperitoneal sarcoma 

2 

0 

1 

0 

1 

Liposarcoma 

i 

1 

0 

0 

1 

Round cell sarcoma 

4 

1 

0 

0 

1 

Lymphosarcoma 

13 

1 

1 

1 

1 

Hodgkin’s Disease 

22 

0 

1 

0 

1 

Myelogenous leucemia 

14 

2 

1 

1 

2 

Miscellaneous" 

221 

0 

0 

0 

0 

10S2 

79 

61 

22 

118 

^Refers to a variety of tumors which in’ this 

series did 

not metastasize to the heart 

or pericardium. 








Table IV 




The Frequency of the 

Various 

Modes of 

Involvement of the 

Heart and 

Pericardium 

by Secondary Tumors 


MODE OF INVOLVEMENT 


HEART 

PARIETAL 

PERICARDIUM 

Definitely hematogenous 


37 


s 

Definitely extension 



IS 


25 

Definitely lymphatic 



0 


o 

«l 

Probably hematogenous 


5 


6 

Probably extension 



1 


2 

Probably lymphatic 



0 


7 

Combinations 



4 


2 

Undetermined 



14 


8 




79 


61 
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More secondary tumors occurred on the left side of the heart than on 
the right, but the difference was not great. It would seem that the two 
sides of the heart are almost equally susceptible (Lymburner, 5 Boden- 
heimer 12 ). The frequency of involvement of the various portions of the 


heart by metastatic tumors is as follows : 

Parietal pericardium _________ 61 

Right auricle _______ ____ 29 

Right ventricle ___________ 31 

Left auricle ___________ 29 

Left ventricle ___________ 45 

Septum _____________ 11 

Undetermined* __________6 


As others have found, the endocardium was least often involved 
(thirty cases). The epieardium and myocardium were more commonly 
the site of secondary tumor with no significant difference between the 
two (epieardium sixty- two cases and myocardium fifty-five). 

The gross appearance of the secondary tumor of the heart varied 
widely. In some cases there were discrete tumor nodules varying from 
1 mm. to 2 cm. in diameter. In other cases there was diffuse infiltration. 
The pericardial tumors likewise varied widely in nature and extent. 
Histologically, the tumors followed the pattern of the primary neoplasm. 
In several instances, tumor cells were found in lymphatic channels, in 
the coronary arteries, and in thrombotic masses within the chambers of 
the heart. 

The pericardium was the seat of an acute pathologic process in 22 per 
cent of the cases in this series. The condition of the pericardium in 118 
cases of secondary tumors of the heart and pericardium was as follows : 


Normal _____________ 89 

Simple effusion __________ 5 

Bloody fluid 

Purulent pericarditis _________3 

Serofibrinous pericarditis ________ 11 

Obliteration by tumor ________1 

Fibrous obliteration _________2 


However, patients dying of malignant disease without cardiac me- 
tastases occasionally show similar pericardial disease. For example, in 
a control series of 100 malignant tumors that did not involve the heart 
or pericardium, acute pericardial disease was found in 7 per cent. In 
both series the amount of pericardial fluid was frequently insufficient 
to be detected clinically. It appears from our observations that evidence 
of pericardial disease in a patient with a known malignant process is a 
valuable diagnostic sign of cardiac metastases, but not a pathognomonic 
one. 

‘This group consisted of cases in which the tumor was found microscopically hut 
the location from which the section was taken was not specified. 
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Iii accordance with the experience of others, the majority of the 
patients in this series showed no demonstrable clinical evidence of 
cardiac disease. Seven patients exhibited myocardial insufficiency. In 
five cases there were abnormalities of the cardiac mechanism without 
cardiac failure. A control series of 100 malignant tumors that did not 
involve the heart or pericardium failed to show any cases of myocardial 
insufficiency, but did include two cases in which there were abnormalities 
of the cardiac mechanism. At autopsy the abnormal cardiac mechanism 
could not be explained. Accordingly, it appears that myocardial in- 
sufficiency developing without apparent cause in a patient with a known 
malignant process is an important clinical finding pointing to cardiac 
metastases, while abnormalities of the cardiac mechanism are a sug- 
gestive sign, but not a pathognomonic one. Such signs of tumor of the 
heart as heart block, symptoms referable to the location of the tumor 
other than heart block, and suggestive roentgenologic observations were 
not observed in our series. 

In only one of these seven eases with myocardial insufficiency due to 
tumor involvement of the heart was the correct diagnosis made ante 
mortem. This patient showed both cardiac failure and hemorrhagic 
pericardial fluid. In this instance the ante-mortem diagnosis of car- 
cinoma of the bronchus with metastases to the heart and pericardium 
was substantiated at autopsy. The entire heart was extensively involved 
by tumor. Both layers of the pericardium showed much tumor tissue 
and an organizing fibrinous pericarditis. 

In the remaining six eases heart failure was evident. In three of these 
eases it was known that the patient had a malignant disease, but in no 
instance was the possibility considered that tumor involvement of the 
heart could be responsible for the myocardial insufficiency. At post- 
mortem examination in all these cases there was extensive involvement 
of the heart by tumor, with no other explanation for the myocardial 
insufficiency. 

As has been stated, five patients with metastases to the heart showed 
abnormalities of the cardiac mechanism without cardiac failure. Three 
of these had carcinoma of the bronchus, diagnosed correctly clinically. 
One showed paroxysmal auricular fibrillation; one, paroxysmal auricular 
fibrillation and paroxysmal auricular tachycardia; and one, auricular 
flutter. In none of these cases was the possibility of cardiac metastases 
considered. At autopsy, in two of these cases there was severe involve- 
ment of the atria by tumor and in one the left ventricle was involved. 

The fourth patient, who also had carcinoma of the bronchus, had 
several attacks of paroxysmal auricular fibrillation. The possibility of 
cardiac metastases was considered, but a definite clinical diagnosis could 
not be established. At autopsy, the right atrium was involved by tumor. 
However, the heart showed a rheumatic mitral stenosis, and whether the 
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paroxysmal fibrillation was due to the tumor involvement or the rheu- 
matic heart disease could not be determined. 

The fifth case was one of melanosarcoma of the eye with generalized 
metastases. The diagnosis was proved clinically by means of biopsy. 
The patient showed attacks of paroxysmal auricular fibrillation and the 
possibility of metastases to the heart was thought of but could not be 
established. At autopsy, tumor tissue involved the left atrium, left 
ventricle, and the pulmonary conus. 

An analysis of the electrocardiograms from these cases of secondary 
tumors shows, in accordance with Siegel and Young 13 and others, that 
there is no configuration pathognomonic of tumor of the heart. The 
electrocardiographic changes depend principally on the situation of the 
tumor. In this series, auricular fibrillation, auricular premature con- 
tractions, and auricular flutter predominated, and at autopsy in these 
cases with one exception involvement of the atria was found. 

SUMMARY 

Among 1,082 cases of malignant disease appearing in a series of 11,100 
consecutive post-mortem examinations performed at the Cleveland City 
Hospital during the past twenty years, the heart, including the peri- 
cardium, was involved by metastatic tumor in 118 cases, an incidence 
of 10.9 per cent. Carcinoma of the bronchus and the breast most often 
invaded the heart and pericardium and accounted for 48 per cent of the 
cases in this series. 

The development of congestive failure without other apparent cause, 
in a patient with malignant disease, was the most important clinical 
finding pointing to cardiac metastasis. 
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PREMATURE CLOSURE OF THE FORAMEN OVALE 

Report op Two Cases 

Miriam C. Benner, M.D. 

Denver, Colo. 

I N THE extensive literature on congenital cardiac anomalies there is 
almost no mention of premature closure of the foramen ovale. Leh- 
man, 1 in 1927, reviewed the subject and found reports of five cases. He 
added a case report and presented the following classification of the con- 
dition: “(1) Infants with marked edema at birth, (2) infants appar- 
ently normal at birth but dying with cyanosis within a few days, and 
(3) atypical cases modified by other major cardiac anomalies.” Two 
cases which fall in the first group were reported by Tait, 2 in 1875, and 
Osier, 3 in 1880. Both infants were premature and stillborn. Vieussens, 4 
Smith, 4 and Lehman reported eases which fall into the second group ; and 
Vernon 4 reported one which was complicated by other anomalies and so 
belongs in the third group. 

The reports by Tait and Osier are almost identical. In each case there 
was marked hydramnios during the latter part of pregnancy, followed by 
premature delivery of a stillborn infant. The placentas were large and 
edematous, and the infants were so large that delivery was difficult. 
There was severe generalized edema and a marked waxy pallor of the 
skin. In both infants the foramen ovale was closed by an overlapping 
membrane which could be pushed aside to allow the passage of a probe. 
There was also a widely patent ductus arteriosus in both. In Osier ’s case 
there was marked enlargement of the right auricle to 6.8 cm. in circum- 
ference, and also dilatation of the right ventricle and hypertrophy of its 
wall to 8 mm. in thickness. The ductus arteriosus was 1.6 cm. in circum- 
ference, as compared to an aorta of 1.7 cm. The liver measured 15.5 cm. 
by 7 cm., and nothing further was noted. Tait’s report did not include 
measurements, but this author attempted to explain the findings on the 
basis of a cardiac anomaly which caused hindrance to the passage of 
blood from the right auricle, with subsequent engorgement of all the ves- 
sels in front of the auricle throughout the double circulation. He stated 
that hydramnios resulted from the engorgement of the placenta. 2 

Recently two cases have been seen at the University of Colorado School 
of Medicine. One falls definitely into the first group of Lehman ’s classi- 
fication, and the other probably belongs in the second group, since the 
infant lived for eleven hours and developed cyanosis before death. The 
fact that marked edema was noted in this second case, and was doubtless 
present at birth, suggests, however, that Lehman’s first two groupings 
are too arbitrary. 

From the Child Research Council and the Department of Patholog-v, University of 
Colorado School of Medicine. 

Received for publication Sept. 1, 1938. 
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REPORT OF CASES 

Case 1. — Baby F. History: The mother was a 19-year-old bipara and was re- 
ported to have a negative blood Wassermann reaction. A stillborn fetus weighing 
2750 gm. and measuring 44 cm. in length was delivered spontaneously, and at birth 
was noted to be very edematous. No other history was available and the infant was 
sent to us for autopsy. 



Fig. 1. — Drawing of the heart of Baby F (Case 1), showing foramen ovale with 
overlapping membrane and hypertrophic right auricle. A, Arrow traversing the fora- 
men ovale ; B, left auricle ; C, left ventricle ; D, right ventricle ; E, right auricle 
(hypertrophic). 

Necropsy Eeport (eight days after death) : The body was noted to have a waxy 
pallor and to be extremely edematous externally, but was otherwise normally formed. 
On incision of the skin much watery fluid escaped, and all of the body cavities con- 
tained considerable sanguineous fluid. The thymus showed extreme involution. The 
lungs were atelectatic. There was a bilateral otitis media. In this case there was no 
other focus of infection, which is unusual in a stillborn infant, since the common 
source of an ear infection is infected amniotic fluid which is likely to penetrate the 
sinuses and the bronchi as well as the ears. 

The heart and the liver showed the most interesting abnormalities. The heart 
weighed 25 gm. (after fixation). The right auricle was enlarged and was about equal 
in size to all of the remaining heart tissue; it had a firm, thickened wall. The tri- 
cuspid valve appeared slightly thickened but its orifice seemed to be of normal size. 
The remaining chambers and valves of the heart were normal except that the ductus 
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arteriosus was widely patent and the foramen ovale was entirely covered by a mem- 
brane which overlapped the opening on all sides. From the right auricle a probe 
approximately 3 mm. in diameter could be pushed into the left auricle by lifting the 
lower part of the overlapping membrane (Fig. 1). Microscopically the heart showed 
hypertrophy of the muscle of the right auricle. 



Fig. 2. — Photomicrograph (70X) of histologic section of liver, from Baby F (Case 1), 
showing patchy necrosis around the central veins. 

The liver measured 8 by 4.5 by 3 cm. It was firmer than usual and showed some 
irregularity of the surface. Microscopically there was a slight increase in peri- 
portal connective tissue and a striking patchy central necrosis with atrophy of many 
of the liver cords. The condition was typical of a severe passive congestion (Fig. 2). 

The placenta and membranes were not available. 

Case 2. — Baby A. Ilistory: The mother was a unipara, 19 years of age; the 
pregnancy was normal; at delivery there appeared to be a moderate liydramnios. 
The placenta was small and not edematous. The infant was 50 cm. long and weighed 
2950 gm. He was difficult to resuscitate and much fluid poured from the nose and 
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mouth. This fluid had to be removed by repeated suction during all the time the 
infant lived. The baby never did well, finally became very cyanotic, and died eleven 
hours after birth. 

Necropsy Report (five hours after death) : The body was cyanotic and no rigor 
mortis was present. Generalized edema was present and the subcutaneous tissue was 
1.5 cm. in thickness over the thorax and abdomen. Much free fluid escaped on in- 
cision of the skin. The subcutaneous tissue had a peculiar gelatinous appearance with 
fat particles suspended in it. The body eavities contained free fluid, the largest 
amount being present in the peritoneal cavity (about 20 c.c.). 



Fig. 3. — Drawing of the heart of Baby A (Case 2), showing the foramen ovale 
with overlapping membrane. A, Arrow traversing the foramen ovale ; B, left auricle ; 
C, left ventricle; D, right ventricle (hypertrophic). 

The heart weighed 30 gm. ; the left ventricle was 5 mm. in thickness and the right 
ventricle 9 mm. The apex of the heart was formed by the right ventricle. The right 
auricle was not enlarged. Valve circumferences were as follows: tricuspid 3 cm., 
mitral 2.5 cm., pulmonic 2 cm., and aortic 1.5 cm. The ductus arteriosus measured 
1.3 cm. in circumference. The foramen ovale was entirely covered by an overlapping 
membrane which could be pushed aside from the right auricle to admit a probe 
4.5 mm. in diameter. The free edge of the membrane was anterior to the opening 
between the auricles (Fig. 3). Microscopically, the heart showed hypertroplij' of the 
muscle of both right auricle and right ventricle. 

The lungs showed marked edema, congestion, and atelectasis. 

The liver weighed SI gm. and was congested with blood. It showed a moderate 
amount of iron pigment microscopically, but was otherwise normal. 

There was definite cerebral edema; the fluid was bloodtinged because of incom- 
plete lacerations of the dura at the junction of the falx and tentorium. 
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DISCUSSION 

The normal patent foramen ovale and ductus arteriosus of the fetus 
allow proper division of blood, and proportionate development of both 
sides of the heart (Fig. 4). Premature closure of the foramen ovale is 
prone to bring about certain secondary structural abnormalities. It may 
be assumed that variations in adaptability of different portions of the 
circulatory system may cause somewhat dissimilar end results. The 
various possibilities might be as follows : (1) The blood may be detoured 
through the pulmonary circuit, instead of going directly from the right 



Fig. 4. — Diagram of normal fetal circulation. (From Abbott and Dawson, Internat. 

Clin. 4: 162, 1924). 

to the left auricle. If the pulmonary circuit is adequate, or rapidly be- 
comes adequate, a normal amount of blood can reach the left auricle and 
the heart may thus develop normally. Birth may then be followed by 
normal development of the infant. (2) If, on the other hand, the pul- 
monary circuit is not adequate, the excess blood may be shunted to the 
aorta by way of the ductus arteriosus. If this occurs the ductus may 
hypertrophy and the left auricle and left ventricle will receive less blood 
than normal, and so not develop pari passu with the right auricle and 
ventricle, which are being overloaded. (3) In case the fetal pulmonary 
circuit and ductus arteriosus are both inadequate to carry an increased 
load, the result will be the same as for any obstruction to free circula- 
tion, namely, the development of back pressure. This back pressure may 
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cause enlargement of the right auricle, as in Case 1, of the right ventricle, 
as in Case 2, and will eventually hinder the entire circulatory flow from 
the body and placenta, bringing about stasis and edema of the whole 
body and the placenta, as well as hydramnios. (4) In some cases it may 
be possible to maintain the circulation of the fetus in utero well enough 
to support life. However, in those cases in which the right side of the 
heart has enlarged disproportionately, the event of birth and the shutting 
off of the passage of blood through the ductus arteriosus will cause a 
larger volume of blood to go through the pulmonary circuit than can be 
pumped by the left side of the heart to the aorta. This will cause stasis 
in the lungs, with pulmonary edema and inadequate oxygenation, as well 
as failure of the left side of the heart. 

Such an explanation would make clear the mechanism bringing about 
the syndromes mentioned by Lehman. The infants with edema at birth 
belong to the group with increasing obstruction during the latter part 
of fetal life, and the infants who are apparently normal at birth but soon 
develop cyanosis and die are those whose pulmonary stasis, edema, and 
left-sided heart failure develop at or after birth, partly because of the 
closure of the ductus arteriosus. Obviously, too, there might be grada- 
tions between these two extremes, as shown by the second case reported 
above. 

The etiology of premature closure of the foramen ovale is probably 
purely developmental, the causative factor being an abnormality in the 
timing of the development of the intra-auricular septum. In Maude Ab- 
bott ’s discussion of congenital cardiac disease 5 the formation of this 
septum is shown to begin with the septum primum, which grows down- 
ward from the upper and posterior wall of the auricle as a sickle-shaped 
fold. This fold grows toward the ventricular cavity, and there is for a 
time a communication between the auricles which is known as the ostium 
primum. This primary membrane becomes very thin, and an opening 
forms in its upper and posterior part ; this secondary opening continues 
to grow larger as the ostium primum becomes smaller and disappears. 

Later, a secondary septum begins to form from the upper wall of the 
right auricle, grows downward, and comes to overlie the secondary open- 
ing in the primary septum, giving it a valvular character and transform- 
ing it into the foramen ovale. The ostium in the secondary membrane 
constitutes the foramen ovale and the valve is formed by the primary 
membrane. The foramen ovale is normally widely patent in fetal life, 
usually closes within twelve weeks after birth, 6 but may show a probe 
patency throughout the first year. 7 It may even persist, as a slit, in the 
adult (14 to 30 per cent of cases 5 ). Persistent patency of the foramen 
ovale is considered to be caused either by pressure or pure growth arrest. 
The latter seems more likely in view of these cases in which the foramen 
ovale closes prematurely, since in them the pressure in the right auricle 
has certainly been increased, but the closure of the foramen has pro- 
gressed with unusual rapidity. 
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Patten 7 stresses the point that congenital defects are as frequently due 
to overgrowth as to developmental arrest. The cases presented here give 
evidence in support of this view, as there appears to have been an over- 
growth of either the overlapping valve or of the secondary membrane, 
bringing about an abnormal restriction in the size of the interatrial open- 
ing. It is not possible at the present time to determine which structure is 
primarily involved, as we have no measurements of the size of the second- 
ary ostium in normal eases. 

The foramen ovale at birth, in infants whose stage of development is 
similar to that in the eases presented here, has been found to vary from 
7 mm. to 10 mm., as compared to 3 mm. in Case 1, and 4.5 mm. in Case 2. 
In Case 1, the edema in a stillborn infant denoted inadequate circulation 
with increasing obstruction during fetal life. In Case 2 the child was 
born alive, but developed symptoms soon after birth. Therefore, there 
appears to be a correlation between the degree of reduction in size of the 
foramen ovale and the extent of the pathologic changes observed in the 
two infants. 

The discovery of cases of early closure of the foramen ovale is obvi- 
ously possible only in stillborn or newborn infants. The presence of 
severe general edema should at all times be an indication for careful 
searching of the heart for an unusually small or absent intra-aurieular 
opening, and for right-sided hypertrophy. Those infants who live for a 
short time and then become cyanotic and die, and in whom edema is 
noted, should be carefully examined for a definite right ventricular hy- 
pertrophy which can easily be differentiated from the right auricular 
dilatation so often seen. 


SUMMARY 

Two cases are presented in which there was partial premature closure 
of the foramen ovale, associated with fetal anasarca. This condition has 
been reported only a few times in the literature; all of the cases are 
similar. 

A brief discussion of the mechanism and etiology of the condition is 
given. 
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COARCTATION OF THE AORTA, NONCLINICAL TYPE, 
ASSOCIATED WITH A CONGENITALLY BICUSPID 
AORTIC VALVE 

A Method for Its Recognition, With Report of a Case 

Phillip Hallock, M.D., and Robert Hebbel, M.D. 
Minneapolis, Minn. 

C OARCTATION of the aorta, when it presents the classical clinical 
picture, affords no great difficulty of recognition during life. How- 
ever, anatomic stenosis just at or below the insertion of the ductus 
arteriosus or its vestige may exist without hypertension and without the 
signs upon which the clinical diagnosis of coarctation is usually estab- 
lished. This is the result of the fact that various moderate degrees of 
narrowing of the isthmus may he present, and it is only in the pro- 
nounced grades of stenosis that physical signs may develop. Commonly, 
slight to even moderate degrees of constriction are missed at autopsy. 
The recognition of moderate, or “nonclinical,” degrees of coarctation is 
of considerable clinical importance as regards prognosis because, even 
though the coarctation is not marked, there is still the possibility of 
associated congenital cardiovascular anomalies and the likelihood that 
subacute bacterial endocarditis may supervene. Maude Abbott 1 has 
shown that in approximately 40 per cent of cases coarctation is asso- 
ciated with other congenital anomalies of the heart, the most common 
being a bicuspid aortic valve, which was present in 25 per cent of the 
cases. 

We are reporting a case of moderate coarctation of the aorta in which 
the clinical syndrome of coarctation was lacking; the associated anomaly 
was a congenitally bicuspid valve upon which was superimposed an in- 
fectious endocarditis. The correct diagnosis was made during life. In 
this regard we particularly wish to emphasize the importance of the 
radioscopic method in the examination of the heart and great vessels 
because it was by this method that coarctation was recognized in this 
case. In the left oblique radioscopic position the site of the constriction 
of the isthmus could be easily visualized (Fig. 1). This position (Fig. 
2) 2a has been found to be the most satisfactory one from which to study 
abnormalities of the aortic arch. 2b 

REPORT OF CASE 

E. W., a white woman 31 years of age, a housewife, was admitted to the surgical 
service Aug. 24, 1937, complaining of weakness, loss of weight, intermittent fever, 
chills, dull pain in both flanks, and intermittent dysuria. These symptoms had 
been present since June, 1937. 

From the Departments of Medicine and Pathology, University of Minnesota Hospi- 
tals, Minneapolis. 

Keceived for publication Sept. 3, 1938. 
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Patient had given birth to her last baby in February, 1937. This was an unevent- 
ful pregnancy. Beginning in the early part of June, 1937, the patient noted that 
she was losing weight and tiring easily. About this time she suffered an attack of 
pain in the left flank which persisted, with remissions and exacerbations, for about 
two weeks. She also noted that she was feverish on occasions and at times had 
definite chills. Following the initial attack of pain, the patient appeared to improve 
to some extent except for the persistence of nocturia and weakness. The weakness 
was so great as to confine her to bed nearly constantly. 



Fig. 1. — Photograph of teleoroentgenogram in the left oblique position. The course 
of the aorta and the point of stenosis (indicated by arrow) are clearly shown. This 
point corresponds to the site of constriction shown in Fig. 4a. The opaque shadow 
lying anterior to, and parallel with, the aorta is the barium-filled esophagus. 

Past history . — Patient stated that she had never been strong. Palpitation and 
tachycardia had been present for a number of years. Because of these symptoms 
she had consulted a physician five years before, and was told that she had leakage 
of the heart. There was no history of rheumatic fever, scarlet fever, or diphtheria. 
She had had five uneventful pregnancies with no resultant difficulties. She had 
never been short of breath until the onset of her present illness. She had been 
married for eleven years, had five children who were living and well, and her husband 
was living and well. 

Physical examination . — On admission the temperature was 103°, the pulse rate 90, 
and the respiratory rate 20. Physical examination revealed an emaciated white 
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woman lying quietly in bed. Tliere was no apparent distress. There was marked 
pallor of the skin with evidence of considerable recent loss of weight. The pupils 
were equal and reacted normally to light and in accommodation. Examination of the 
eyegrounds showed normal retinal vessels. The teeth were in good condition. The 
tonsils were enlarged. The thyroid gland was just palpable but not enlarged. There 
was no cervical adenopathy. A vigorous systolic pulsation and systolic thrill were 
noted in the suprasternal notch. The heart was not enlarged to percussion. The 
heart sounds over the apex were clear and slightly accentuated. A systolic murmur 
soft and blowing in character, was heard over the apex. Over the aortic area there 



Fig-. 2. — Special drawing of normal teleoroentgenogram in the left oblique radio- 
scopic position to show the heart and course of the great vessels (Parkinson and 
Bedford) . 


was a low-pitched systolic murmur. The aortic second sound was accentuated. It 
was succeeded by a high-pitched diastolic murmur. The diastolic murmur became 
more pronounced when the stethoscope was moved across the left border of the 
sternum at the level of the third rib. It could also be heard, but with lessened in- 
tensity, along the left sternal border as low as the level of the fourth intercostal 
space. The blood pressure in the left arm was 104/70, in the right arm 100/02, in 
the left leg 10S/GG, and in the right leg 110/62. The radial pulses were equal. The 
femoral, popliteal and dorsalis pedis pulses were of normal amplitude. Examination 
of the lungs was negative. Abdominal examination revealed no masses. There was 
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tenderness to pressure over the left upper quadrant. Pelvic examination revealed a 
relaxed pelvic floor, a first-degree retroversion of the uterus, and a mucopurulent 
discharge from the cervix. The extremities were negative. There was no edema. 
There was neither cyanosis nor petecliiae. Neurological examination was negative. 
No signs of collateral circulation were found. 

Laboratory Lata . — On admission the urine contained numerous erythrocytes and 
occasional leucocytes. The hemoglobin was 67 per cent. The erythrocyte count was 
3,300,000 and the leucocyte count 13,600, of which 85 per cent were polymorpho- 
nuclear cells and 15 per cent lymphocytes. The blood Wassermann reaction was 
negative. 

Fluoroscopic examination of the heart and lungs revealed the following: The 
lung fields were clear. The heart was within normal limits as to size, shape, and 
position. The arch of the aorta was markedly elongated and dilated, extending up- 
ward above the sternal angle to the root of the neck. The aortic impression on the 
barium-filled esophagus was particularly marked. With the patient in the left 
oblique position the descending portion of the arch of the aorta could be clearly 
followed into the shadow of the spine, extending down to a point about at the 
level of the pulmonary artery. At this level the aorta, became distinctly narrowed 
as though it were surrounded by a constricting band (Fig. 2). Distal to this con- 
striction the arch of the aorta could be seen to widen out again. Scalloping of the 
inferior borders of the ribs (Roesler’s sign) was not present. 

The electrocardiogram showed normal rhythm, a heart rate of 96, left axis devia- 
tion, a diphasic T 3 , and a normal fourth lead. In view of the radioscopic examina- 
tion, normal blood pressure readings in the upper and lower extremities, the absence 
of signs of collateral circulation, and the presence of an aortic diastolic murmur, a 
diagnosis of partial coarctation of the aorta, associated with a bicuspid aortic valve, 
was made. 

The patient was observed in the hospital for a period of ten days, during which 
time there was no appreciable change in the findings. She was discharged against 
advice Sept. S, 1937. She was readmitted to the medical service Nov. 8, 1937. Her 
history during the interval was as follows: Aside from increasing weakness, she 
felt fairly well until the morning of Sept. 31, when she developed a severe stabbing 
pain just to the left of the sternum. The pain radiated to the left shoulder and 
down the left arm. It appeared suddenly and persisted for several hours, after 
which it abated and remained as a dull pain in the left chest for several days. 
On the morning of October 7, while lying in bed, she developed another similar at- 
tack of pain. The attack persisted until the night of the same day. The next day 
she still complained of pain in her left chest and left upper quadrant. Since her 
previous admission she stated that she had had fever but no chills. 

Physical examination on this admission revealed fresh petecliiae in both con- 
junctivae. Examination of the eyegrounds revealed flame-shaped hemorrhages in 
both fundi and slight choking of both discs. There was a marked pallor of the lips 
and mucous membranes. The cardiac findings were the same as on the previous 
admission except that a presystolic murmur was present over the apex. Neither the 
spleen nor the liver was palpable. A skin test with the nucleoprotein fraction of the 
nonhemolytic streptococcus was negative on Nov. 11, 1937. On this same day more 
petechiae appeared in the conjunctivae. The spleen was now palpable and markedly 
tender. A splenic infarct was suspected. The blood culture was positive for non- 
hemolytic streptococci, showing one hundred colonies per cubic centimeter. This 
fact that the patient now had obvious bacterial endocarditis strengthened the diag- 
nosis of a bicuspid aortic valve. The urine on this admission showed a specific 
gravity of 1.012; it contained- albumin (graded 1+), and many leucocytes. The 
hemoglobin was 4S per cent, the erythrocyte count 3,300,000, and the leucocyte count 
11,000. The differential leucocyte count showed S7 per cent polymorphonuclear cells, 
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12 per cent lymphocytes, and 1 per cent monocytes. The other laboratory findings 
were not significantly altered. The radioscopic findings of the heart were essentially 
the same as those previously noted. 

Course of the Disease . — Marked tenderness developed over the splenic area and 
there was tenderness to pressure over the sternum. The patient was given large doses 
of sulfanilamide without improvement in her condition. The blood culture remained 
positive. The temperature was septic in type, ranging up to 102° F., with a pulse 
rate varying between 90 and 120. On Nov. 21, 1937, rales appeared in the right 
chest below the scapula. Cyanosis developed and the blood pressure dropped. 
Dyspnea and respiratory distress increased. The patient expired Nov. 27, 1937. 



Fig:. 3. — Interior view of the heart, showing the left ventricle and the bicuspid 
aortic valve. The valve was opened through the left posterior commissure, so that as 
seen in the photograph, the posterior cusp is to the right, the conjoined cusp to the 
left. The raphe is indicated by the arrow at a. 

The pertinent autopsy findings were as follows: There was mild pitting edema of 
the feet and ankles. Each pleural cavity contained a liter of clear fluid and there 
were 250 c.c. of a similar fluid in the pericardial sac. The lungs were moderately 
congested and there was a partial atelectasis of the lower lobes. The spleen weighed 
500 gnu, presented scattered yellow infarcts and a single suppurative infarct 5 cm. 
in diameter, and showed, microscopically, subacute splenitis. There was a moderately 
severe passive congestion of the liver. The kidneys presented scattered contracted 
infarcts and, microscopically, a minimal embolic glomerulitis. 
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The heart (including the attached portion of the aortic arch) weighed 330 gm. 
and was not enlarged. The epicardium and myocardium showed nothing of note. 
The endocardium of the right atrium, right ventricle, and left atrium was normal. 
The left ventricular endocardium, except for a group of minute, friable vegetations 
just below r the right posterior commissure, was normal. The pulmonary, tricuspid, 
and mitral valves W’ere normal. There was a bicuspid aortic valve, the free margins 
of which were covered with and distorted by large, friable vegetations. The cusps 
showed no thickening near their attached margins and there was no indentation of 
the central portion of the combined cusp at the point of its attachment. The left 
posterior commissure was normal; the right posterior commissure w'as involved in 
the infective process but there was no evidence of previous fusion. The position of 
the right-left commissure was occupied by a low raphe (Fig. 3 a), the smooth, cord- 
like free margin of which became bifid as it approached and merged with the cusp. 
Beneath its eordlike margin the raphe was thin and delicate. The breadth of the 
posterior cusp at the level of its commissures was 25 mm., and that of the combined 
cusp w r as 32 mm.; the raphe was equidistant from its extremities. The aorta, in the 
sinus behind the posterior cusp and at a point midway between its commissures, pre- 
sented small mycotic aneurysms. The coronary orifices and coronary vessels were 
normal. 



Fig:. 4. — Photograph of heart and aorta showing the point of constriction (a) just 
below the insertion of the obliterated ductus arteriosus. 

Of the branches of the aorta the left common carotid and left subclavian w’ere 
distinctly larger than the innominate. The lumen of the aorta between the sites of 
origin of the innominate and the left common carotid w'as diffusely narrow'ed. At 
the site of attachment of a cordlike obliterated ductus arteriosus the aorta presented 
a distinct notching which was most marked on its free border (Fig. 4 a). The 
lumen at this point was acutely constricted. The diameters of various points of the 
aortic arch were as follows: root, 1.7 cm.; between innominate and left common 
carotid, 1.2 cm.; between left common carotid and left subclavian, 1.5 cm.; site of 
constriction, 1.2 cm.; 3 cm. distal to constriction, 1.7 cm. The segmental branches 
of the aorta and the internal mammary arteries were normal. 
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Microscopic sections of the valve rings and myocardium showed no direct evidence 
of previous rheumatic infection. The myocardium showed areas of diffuse and focal 
inflammation characterized by polymorphonuclear exudate, as well as a few areas 
of scarring. The aortic valve presented the typical appearance of subacute bacterial 
endocarditis. Longitudinal sections at the site of the raphe of the conjoined aortic 
cusp showed absence of the normal inversion of the aortic wedge. 

DISCUSSION 

All grades of stenosis of the isthmus of the aorta may occur, varying 
from complete obliteration to one which is so slight that it may be over- 
looked on careful post-mortem examination. In the 200 cases of coarcta- 
tion analyzed bj r Abbott 1 there were forty-seven in which the arch 
of the aorta was completely obliterated, 108 of extreme narrowing 
in which the diameter at the site of the stenosis did not exceed 6 mm., 
and forty-five in which the stenosis was of a moderate grade approxi- 
mating one-third the size of the normal caliber of the aorta. The 
case reported here falls in the last series, which may he considered as a 
nonclinical group. 

The importance of recognizing cases in this group extends beyond 
mere academic interest. Hitherto, the diagnosis in this nonclinical 
group has been made only at necropsy. Death in these cases may occur 
from spontaneous rupture of the aorta, from bacterial aortitis invading 
the area of coarctation, or from subacute bacterial endocarditis with 
vegetations on the bicuspid aortic valve which is so frequently associated 
with coarctation. From a practical viewpoint nonclinical degrees of 
coarctation are therefore of definite prognostic significance and attempts 
should be made to recognize them during life. Inasmuch as the clinical 
features, such as arterial hypertension and signs of collateral circulation, 
are absent in these cases, the diagnosis can only be arrived at by direct 
radioseopic examination of the aortic arch, which is best studied in the 
left oblique radioseopic position. The observation which called our 
attention to the existence of some abnormality of the aortic arch was the 
presence of a systolic pulsation and thrill in the suprasternal notch. 
These signs were perceptible, as subsequent radioseopic examination 
showed, because the aortic arch occupied an unusually high position. 

The bicuspid aortic valve with two distinct cusps is readily accepted 
as congenital. However, when the valve presents a conjoined segment 
with a raphe, supportive evidence is required before it may be accepted 
as a case of developmental arrest. 1 For this type of case the macroscopic 
criteria of Osier 3 and the microscopic criteria of Lewis and Grant 4 must 
be fulfilled. We believe that the bicuspid aortic valve in the case here 
reported was of congenital origin. In the first place, it was associated 
with a developmental defect of the aorta. The macroscopic criteria of 
Osier, except insofar as the infective process prevents their demonstra- 
tion, were fulfilled. Microscopically, the absence of the normal inversion 
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of the aortic wedge 4 ’ 5 at the site of the raphe satisfied that portion of 
the criteria of Lewis and Grant. The choice of longitudinal sections pre- 
cluded the demonstration of the continuity of the fibers of the aortic 
media across the raphe. Furthermore, because of the fact that there 
was no microscopic evidence of previous rheumatic infection 0 and, 
because the existing inflammatory changes were entirely those which 
may occur during the course of subacute bacterial endocarditis, an 
inflammatory origin of the bicuspid condition of the valve may be ex- 
cluded. 

CONCLUSIONS 

A case of nonclinical coarctation of the aorta associated with a con- 
genitally bicuspid aortic valve is reported, the recognition of which was 
made possible by radioscopie examination. Because of the frequent 
association with other congenital vascular anomalies which are of a 
serious nature, the recognition of nonclinical coarctation is of consider- 
able prognostic importance. 
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NONRHEUMATIC CALCIFIC AORTIC STENOSIS 

Charles K. Friedberg, M.D., and Arthur R. Sohval, M.D. 

New York, N. Y. 

S INCE the publication of Christian’s 1 paper, in 1931, we have 
identified calcific aortic stenosis as a distinct clinical entity with 
characteristic, interesting manifestations. As a result of a number of 
recent publications, we now recognize the frequency and importance 
of this disease. 2-7 The clinical diagnosis has been greatly facilitated 
by a growing acquaintance with its distinctive sj r mptomatology, by 
broadening of the previously rigid diagnostic criteria of aortic steno- 
sis, and by demonstrating the characteristic roentgenographic appear- 
ance of the valves. 

Apart from the endeavor to improve the means of making the clini- 
cal diagnosis, calcific aortic stenosis still offers many problems of 
interest. A livety discussion has been engendered by uncertainty 
as to its etiology and as to the exact pathogenesis of its distinctive 
manifestations, namely, angina pectoris, disturbances in cardiac con- 
duction, syncope, and sudden death. The purpose of this study was 
primarfiy to review the clinical features in a group of autopsy cases 
of calcific aortic stenosis in which one of us had previously excluded 
the possibility of a rheumatic etiology . 8 As a corollary Ave attempted 
to determine AA r hetlier it Avas clinically possible to differentiate the 
rheumatic from the nonrheumatic cases. As a result of this study Ave 
are proposing an explanation, compatible Avitli physiologic, clinical, 
and anatomic observations, for the occurrence in this disease of angina 
pectoris, syncope, electrocardiographic evidences of conduction dis- 
turbances, and sudden death. 

ETIOLOGY AND PATHOLOGY OF CALCIFIC AORTIC STENOSIS 

It has long been known that calcific aortic stenosis may be the result 
of rheumatic A^alvular disease. Monckeberg 9 Avas clearly aAvare of 
this Avhen, in 1904, he segregated a group of cases of calcific aortic 
stenosis in Avhich he believed that the lesion Avas due, not to rheumatic 
feA r er, but to primary sclerotic and calcific degeneration. Since that 
time it has been erroneously assumed that Monckeberg and others 
aaOio think that there is a primary degen eratUe form of calcific aortic 
stenosis belieA^e that the disease is noninflammatory in all cases. The 
reports of Christian , 1 ClaAvson and his co-Avorkers , 10 and others, as 
Avell as our oavii obseiwations, indicate clearly that rheumatic fever is 
the cause in the majority, perhaps in the preponderant majority, of 
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cases of .calcific aortic stenosis. There is a dispute only as to whether, 
in addition to the rheumatic cases, there is also a nonrlieuinatie, pri- 
marily degenerative, calcific aortic stenosis. While various statistical 
studies of the etiology of this disease point out the importance of 
rheumatic fever, they do not preclude the possibility of a primary 
degenerative process in some cases. Detailed histopathologic investi- 
gation offers direct evidence that in certain cases the lesion is due to 
primary sclerocalcific disease and that this lesion can be distinguished 
microscopically from those caused by rheumatic fever. s 

In a recent compreheqsive review of calcific aortic valvular disease, 
Clawson and his co-workers 10 concluded that it was invariably due 
to rheumatic infection. Their conclusion was based essentially on the 
following observations: (1) A rheumatic history, adherent peri- 
cardium, and Aschoff bodies were found almost as frequentty in asso- 
ciation with calcified aortic stenosis as with other old valvular lesions 
which were known to be caused by rheumatic fever; (2) macroscopic 
study of the aortic valves did not indicate that there is a distinctive 
form of primary sclerocalcific disease; (3) microscopic examination 
of these valves revealed what was apparently an inflammatory reac- 
tion, and the presence of blood vessels, in a high percentage of cases. 

As already stated, this evidence merely indicates that rheumatic 
fever is a frequent cause of calcific aortic stenosis but it does not pre- 
clude the existence of a nonrlieuinatie form of this ailment. Clawson, 
et al., 10 point out that a history of rheumatic fever was obtained in 
35 per cent of the eases of calcified aortic nodular sclerosis, as com- 
pared with 41 per cent in cases in which there were other healed 
(probably rheumatic) valvular lesions, from which he concluded that 
the lesions in both groups were of rheumatic origin. Since in the 
great majority of cases of calcific aortic stenosis the etiology is ad- 
mittedly rheumatic, the presence of a relatively small group of non- 
rlieumatie eases would have but little effect in diminishing the per- 
centage of positive rheumatic histories for the entire calcific group. 
Thus, a 6 per cent difference between the incidence of positive rheu- 
matic histories in the more definitely rheumatic (healed) valvular 
group and the incidence of positive rheumatic histories in the group 
of 200 cases of calcific aortic stenosis might represent as many as 30 
nonrheumatic cases. 

Clawson, et al., 10 stressed the fact that the age at death of individ- 
uals with aortic valvular disease did not differ essentially from that 
of individuals with definitely rheumatic (healed) valvular defects. 
This similarity would be significant if the age at death of individuals 
with definitely rheumatic valvular defects was compared with that of 
individuals who had calcific aortic stenosis without associated disease 
of the mitral valve. For, since mitral valvular disease is usually due 
to rheumatic fever, nonrheumatic calcific aortic stenosis is most likely 
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to be found in individuals without mitral lesions. But an analysis of 
the data in the report of Clawson, et al., reveals that whereas 54 
per cent of the individuals in whom calcific aortic disease was asso- 
ciated with mitral lesions (i.e., an essentially rheumatic group) died 
before the age of 50 years, only 27 per cent of those with pure calcific 
aortic disease (sometimes nonrheumatic) died before that age. If we 
were to -exclude some of the very young patients, who were undoubt- 
edly rheumatic, from this pure aortic group, the disparity in age at 
death between those with nonrheumatic and those with rheumatic 
calcific aortic valvular disease would be even greater. If the view- 
point of Clawson, et al., that rheumatic fever is the only cause of 
calcific aortic stenosis were correct, the average age at death of 
individuals with rheumatic stenosis, as found by these authors, would 
be much higher than that of individuals with any other rheumatic 
valvular lesion, a conclusion which is incompatible with the numerous 
studies of the prognosis of rheumatic heart disease. 

The data on sex presented by Clawson and his co-workers 10 also 
appear to affirm rather than negate the existence of a nonrheumatic 
type of calcific aortic valvular disease. In their 200 cases there were 
165 males and 35 females, a proportion similar to that reported by 
other observers. This plurality of males is quite disproportionate to 
the distribution of sex in patients with definitely rheumatic valvular 
defects. 

According to the data of Claivson, et al., there were 111 instances 
of pure calcific aortic stenosis without mitral lesions. If the aortic 
defect in all of these cases were due to rheumatic fever, calcific aortic 
stenosis would be the commonest rheumatic valvular lesion. But this 
assumption contradicts numerous observations indicating that rheu- 
matic fever attacks the mitral valve most frequently. 

In the same series, the location of the calcified nodules in the aortic 
cusps also sheds light on the etiology of the disease. In rheumatic 
calcific aortic disease the calcific nodules occur first and predomi- 
nantly on the ventricular surface of the valve, while in the nonrlieu- 
matic degenerative cases they occur on the aortic surface. When the 
calcification is advanced and widespread, both surfaces may be af- 
fected. Clawson, et al., report that in 11 per cent of 106 eases there 
were calcified nodules on the aortic surface only. This 11 per cent 
appears to us to represent the minimum percentage of definite non- 
rheumatic cases of calcific aortic disease, but, in addition, there must 
have been other nonrheumatic cases in which the calcification had 
spread to both surfaces of the valve. 

An objection is sometimes raised to the possibility of a nonrheu- 
matic calcific aortic stenosis on the ground that the aorta is not as 
calcified as the aortic valve, but this objection is no more valid than 
to doubt the primary degenerative nature of calcification and sclei’osis 
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of the aorta in eases in which there is no corresponding calcific sclerosis 
of the aortic valve. It must be admitted merely that it is not com- 
pletely understood why excessive amounts of lime are deposited in 
one site rather than in another. In some instances, the absence of 
arteriosclerosis at the base of the aorta is due most probably to the 
protective effect of the stenosis of the aortic orifice. 

The histologic studies of Monckeberg-, 9 Geerling, 11 and Giese 12 have 
already indicated certain characteristic pathologic features of primary 
calcific aortic stenosis which distinguish this lesion from that second- 
ary to rheumatic endocarditis. Briefly, the following features were 
observed: (1) Calcification began and was most extensive in the sinus 
pocket and base of the valve, and progressed thence to the free margin. 
In rheumatic valves, the calcification began and was most extensive in 
the distal third of the valve. (2) The calcific process affected pre- 
dominantly the fibrous layer of the valve cusp on the aortic side ot 
the leaflet. Calcification in rheumatic valves occurred predominantly 
in the spongiosa and ventricularis layers on the ventricular aspect of 
the aortic cusp. 

More recently, Sohval and Gross s not only confirmed these distinc- 
tions, but were able to eliminate definitely the possibility of rheumatic 
infection in a group of cases in which they concluded that the lesion 
was primary calcific sclerosis of the aortic valves. As a result of 
extensive studies in the pathology of rheumatic fever, Gross and his 
co-workers 13 were able to demonstrate that even in cases of old, 
healed, rheumatic valvulitis, definite stigmas of rheumatic infection 
could be found in a variety of strategic sites, such as the left auricle, 
the valve rings, the valve cusps, the pericardium, etc. Thus, in nine- 
teen instances of gross, polyvalvular, healed, rheumatic disease studied 
by Sohval and Gross s there was a very high incidence of widespread, 
microscopic, rheumatic lesions. Similarly, in thirteen other hearts, in 
which gross examination showed a healed rheumatic deformity of a 
single valve, histologic examination revealed a high incidence of rheu- 
matic lesions not only in the grossly affected valve but also in the 
numerous other cardiac sites in which rheumatic lesions are usually 
found. It appeared from these histologic studies that pure monoval- 
vular rheumatic disease was probably a rarity. On the other hand, 
in fifteen hearts with calcific aortic stenosis which resembled micro- 
_ scopically and macroscopically the primary degenerative lesion described 

• by Monckeberg, 0 detailed microscopic study of the various cardiac sites 
failed to reveal the lesions found in the rheumatic hearts. As a result 

■ of these studies, Sohval and Gross believed that they had definitely 
demonstrated that nonrheumatic calcific aortic stenosis exists, and had 

• indicated how this form could be differentiated histopathologically from 
rheumatic aortic disease with superimposed calcification. 
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CLINICAL FEATURES 

This report presents the clinical features in the fifteen examples of 
calcific aortic stenosis studied histologically by Solival and Gross. s 
In eleven of the cases there was pure calcific aortic stenosis, without 
associated syphilitic, rheumatic, or other infectious lesions of the heart 
and valves. In four cases there was a concomitant syphilitic aortitis 
and aortic insufficiency. The essential data in all of the cases will be 
found in Table I. Seven representative cases are presented below. 

The clinical manifestations in these nonrheumatic cases did not differ 
essentially from those in cases of calcific aortic stenosis which have 
been described by several observers who did not attempt to segregate 
the rheumatic from the nonrheumatie cases. The fifteen cases studied 
fell into three groups. In the first group, consisting of six cases (of 
which Cases 1 to 5, inclusive, are presented in detail), the patients 
were admitted to the hospital because of symptoms of cardiac failure. 
In the second group, consisting of five cases (of which Case 11 is pre- 
sented as an example), the existence of the valvular lesion was not 
suspected and there were neither cardiac failure nor other symptoms 
usually associated with the disease, although in one case the possi- 
bility of a congenital cardiac lesion was considered because of the 
presence of an unusual murmur. In the third group, consisting of 
four cases (illustrated by Case 15), cardiac failure was as predomi- 
nant a feature as in the first group, but these cases were segregated 
because of coexisting syphilitic aortic valvular disease. 

The characteristic features of calcific aortic stenosis ivere usually 
found in the group of patients who were hospitalized because of car- 
diac failure. These features included dizziness or syncope, angina 
pectoris, disturbances in cardiac conduction, and sudden death. The 
hearts in this group presented the severest degree of aortic stenosis 
and had suffered the greatest strain. In consequence, these hearts 
had undergone conspicuous hypertrophy and weighed more than those 
in the other groups. 

The incidence of the above-mentioned symptoms is probably higher 
than would appear from the case reports. Instances of sudden death 
from calcific aortic stenosis are more likely to appear in coroners’ 
statistics than in the hospital records of individuals admitted because 
of symptoms of cardiac failure. Certain symptoms of the disease are 
not likely to be mentioned by a patient who is concerned with the 
more distressing evidences of cardiac failure. Thus, mention of dizzi- 
ness, syncope, and angina pectoris is elicited only by specific question- 
ing. Since in most of the cases here reported the presence of calcific 
aortic stenosis was not suspected ante mortem, specific inquiry as to 
the occurrence of dizziness and syncope was probabty not made. These 
symptoms will be discussed in detail following the case reports. 
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Symptoms of cardiac failure may be the first subjective manifesta- 
tions of tlie disease. Cardiac failure was tlie commonest cause of 
deatli. The symptoms appeared in an almost uniform sequence. First, 
there were evidences of left-sided heart failure. Exertional dyspnea 
was usually the earliest symptom. This was often present for many 
years before any other symptoms developed. Later, the patients 
suffered attacks of paroxysmal dyspnea, which usually occurred at 
night. Eventually, signs of right-sided heart failure appeared, such 
as peripheral edema, enlargement of the liver, and other evidences of 
venous engorgement. The duration of life after the onset of right- 
sided heart failure was brief, rarely exceeding six months. 

CASE REPORTS 

Case 1. — F. M., 60-68, a salesman, aged 46 years, entered the hospital be- 
cause he had had shortness of breath for two weeks. He had never had rheumatic 
fever. For many years he had experienced pain in the left scapula. For three 
■years he had had attacks of dyspnea on exertion, with asthmatic symptoms, which 
were ascribed to a neurosis. Three years before admission he suddenly be- 
came dizzy, weak, and nauseated. The symptoms subsided after two hours. 
Eight months later he suffered a similar attack, in which ‘'everything went 
black for a few hours. ’ ’ Two weeks before admission lie had another attack, charac- 
terized by sharp epigastric and chest pain, severe dyspnea, and swelling of the 
ankles. 

Examination revealed diffuse rales throughout both lungs and a small area of 
consolidation at the base of the right lung. The heart was enlarged toward the 
left. There were a systolic and a diastolic murmur at the apex of the heart, a 
systolic murmur over the aortic area, and a diastolic murmur in the third left inter- 
costal space. The liver was enlarged; its lower edge was felt 8 cm. below the 
costal margin. There was slight edema of the ankles. The blood pressure was 
100/80. An electrocardiogram showed low voltage in all leads, and thickening and 
widening of the QES complexes indicating arborization block. A roentgenogram of 
the chest showed marked hypertrophy and dilatation of the left ventricle, and 
moderate enlargement of the right side of the heart. There was diffuse congestion 
in the lungs. 

The clinical diagnosis was coronary artery disease with congestion of the lungs.- 
Despite bed rest and digitalization, the patient developed increasing edema of the 
feet and over the sacrum. He complained of severe precordial, abdominal, and left 
scapular pain. After five days he began to expectorate bloody sputum. He died 
nine days after admission. 

Post-mortem examination revealed generalized arteriosclerosis; calcific aortic 
stenosis and insufficiency; cardiac hypertrophy and dilatation; chronic passive con- 
gestion of the lungs, liver, spleen, and kidneys; ascites; pulmonary emboli, and 
infarction of the right lung. 

The heart weighed 500 gm. The arch of the aorta was slightly dilated and had 
lost its elasticity. The right coronary orifice was narrowed. Both coronary arteries 
showed thickening of the wall, loss of elasticity, and irregular calcified atheromatous 
plaques. 

CASE 2— E. B., 301521, a woman, 77 years of age, was admitted to the hospital 
because for one year she had experienced progressive dyspnea, palpitation, and 
cardiac pain. The pain radiated from the precordium to the left shoulder and arm. 
In the preceding month she had become ortliopneic and had noted edema of the 
legs. 
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Examination revealed an acutely ill woman, who was dyspneic, ortliopneic, and 
cyanotic. There were signs of fluid at the base of the left lung. The heart was 
markedly enlarged to the left and right. There was a soft blowing systolic murmur 
over the apex of the heart. The pulse was rapid, thready, and barely perceptible. 
The liver was enlarged and tender. The lower extremities were very edematous. 
The blood pressure was 145/70. 

The clinical diagnosis was coronary artery disease and myocardial insufficiency. 
The electrocardiographic changes (left axis deviation and displacement of the RT 
segments in Leads I and III) were regarded as compatible with hypertension and 
myocardial involvement. The patient improved after rest in bed and treatment with 
morphine and digitalis. Pour days after admission she died in an attack of pul- 
monary edema. 

Post-mortem examination revealed generalized arteriosclerosis; calcified aortic 
stenosis and insufficiency ; chronic passive congestion of the liver, spleen, and kid- 
neys; and renal arteriosclerosis. 

The heart weighed 510 gm., both ventricles being hypertrophied and dilated. 
The right coronary orifice was reduced to pin-point size by atheroma. The left 
anterior descending branch was almost completely calcified; there was an old closure 
of the vessel near the apex. In the myocardium near the apex there was an old 
fibrotic area whose endocardial surface was covered by a thrombus. The myo- 
cardium was studded with yellow flecks. The aorta was inelastic and showed severe 
arteriosclerosis. 

Case 3. — C. W., 3129G9, a woman, aged 72 years, who was known to have had 
a cardiac murmur for thirty-five years, had long complained of palpitation and 
dyspnea on exertion but had always been able to do strenuous work. For fifteen 
years she had experienced precordial pain and epigastric distress. In the pre- 
ceding two years her dyspnea had increased greatly, and orthopnea and edema of 
the ankles had appeared. For the preceding three weeks these symptoms had become 
intensified, and she had developed severe precordial oppression and a hacking cough. 

Examination revealed signs of left- and right-sided heart failure, including 
hydrothorax and ascites. The heart sounds were of poor quality. There was a soft 
systolic murmur at the apex and the base. At the left of the sternum there was a 
diastolic murmur which later disappeared. The patient’s blood pressure varied 
between 110/70 and S8/52. An electrocardiogram revealed left axis deviation and 
a negative T in Lead I. The urine contained a large amount of albumin and many 
red and white blood cells. 

The clinical diagnosis on admission was coronary artery disease, rheumatic mitral 
stenosis, aortic insufficiency, and myocardial failure. The patient’s condition grew 
progressively worse. Her blood urea nitrogen mounted to 90 mg. per 100 c.c. and 
she died three weeks after admission. 

Post-mortem examination revealed extreme calcific aortic stenosis; calcification 
of the mitral ring; generalized cardiac hypertrophy and dilatation; pulmonary in- 
farction of recent origin; necrotizing cystitis; chronic passive congestion of the 
viscera. 

The heart weighed 550 gm. The aorta was smooth. The left anterior descending 
artery was entirely occluded by a fresh thrombus. The left coronary artery and the 
right posterior descending coronary artery were calcified and narrowed, and each 
showed evidence of an old occlusion. There was extensive myomalacia and endo- 
cardial thrombosis of the left ventricle. 

Case 4. — I. R., 335807, a woman, aged GS years, had a twenty-five-year history 
of asthma and chronic bronchitis. Four years before admission she had had a 
cerebral thrombosis with resultant hemiplegia. Five days after catching a cold 
she went to bed because of weakness, dyspnea, and orthopnea. 
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Examination revealed an acutely ill, dyspneic, orthopneic, and cyanotic woman. 
There were diffuse rales throughout the lungs. There was a harsh systolic murmur 
all over the precordium, most intense at the base. The blood pressure was 13S/70, 
and later 122/74. The total leucocyte count was 18,000, of which 90 per cent were 
polymorphonuclear leucocytes. An electrocardiogram revealed left bundle branch 
block. 

The clinical diagnosis was bronchopneumonia, chronic bronchitis, emphysema, and 
cardiac failure. The patient ran a febrile course and died four days after ad- 
mission. 

Post-mortem examination revealed calcific aortic stenosis and calcification of the 
mitral ring; diffuse bronchopneumonia, chronic bronchitis and emphysema; cylindrical 
bronchiectasis; neplirocirrliosis atlieroselerotica lenta progressa; chronic passive 
congestion of the viscera; subacute splenic swelling. 

The heart weighed 550 gm. The coronary arteries and their branches showed 
marked atherosclerosis and narrowing. The aorta revealed severe atherosclerosis and 
dilatation of its arch. 

Case 5. — L. S., 34G315, a laborer, aged 62 years, had suffered weakness, preeordial 
pain, substernal oppression, dyspnea, and orthopnea for one and a half years. For 
six months he had been confined to bed because of swelling of the legs and abdomen. 
He had had nosebleeds frequently, and bloody stools for four weeks. On the day of 
admission he had coughed up bloodtinged sputum. 

Examination revealed an emaciated old man who was somewhat dyspneic and 
cyanotic. The heart was enlarged. There were a systolic thrill and a harsh systolic 
murmur in the aortic area. At the lower end of the sternum and at the apex there 
was a musical systolic murmur. There was extreme edema of the lower extremities 
and over the sacrum. There was free fluid in the abdominal cavity. The blood pres- 
sure was 94/54. A roentgenogram of the chest showed hypertrophy and dilatation 
of the left ventricle. An electrocardiogram revealed left bundle branch block. The 
PR- interval measured 0.24 second. 

The clinical diagnosis was cirrhosis of the liver, coronary artery disease, and 
atherosclerotic calcification of the aortic valve. Despite abdominal paracenteses and 
treatment with mercurial diuretics, the patient became progressively worse and died 
eight days after admission. 

Post-mortem examination revealed calcific aortic stenosis; primary carcinoma of 
the liver with extension into the portal vein and inferior vena cava; cirrhosis of 
the liver. 

The heart weighed 460 gm. There were moderate sclerosis and narrowing of the 
coronary arteries. 

Case 11. — I. W., 373542, a tailor, aged 48 years, had had hematuria, frequency 
of urination, and nocturia for two years, during which time he had lost IS pounds. 
There was no history of rheumatic fever or cardiac disease. 

Examination revealed a chronically ill, emaciated man. His heart was somewhat 
enlarged. There was a loud, blowing, systolic murmur over the entire precordium, 
radiating to the back. On rectal examination, an egg-sized mass was felt just above 
the prostate. The blood pressure was 120/80. 

The clinical diagnosis was neoplasm of the bladder, congenital heart disease, 
and pulmonary emphysema. Cystoscopy disclosed a papillary neoplasm involving 
the trigone. An electrocardiogram showed slurring of the QRS complexes. Partial 
resection of the bladder was performed, several remaining papillomatous tumors 
were electrocoagulated, and the right ureter was reimplanted. Osteomyelitis of the 
pubis and a suprapubic sinus developed, after which the patient ran a febrile course 
for many months and finally succumbed. 
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Post-mortem examination revealed a necrotizing cystitis; bilateral ureteral calculi 
and ascending ureteropyelonepliritis ; calcific aortic stenosis; hypertrophy of both 
ventricles. 

The heart weighed only 325 gni. despite the apparent hypertrophy of the ven- 
tricles. The coronary ostia were normally patent. The coronary vessels were 
slightly thickened, but there was no diminution in the caliber of their lumina. 

Case 15. — M. S., 331428, was a man, aged 30 years, whose father had died of 
aortitis and whose mother had had an aortic aneurysm. Three years before ad- 
mission he had had ulceration of both eyes. At that time his blood gave a positive 
Wassermann reaction. Thereafter he had suffered increasing weakness, dyspnea on 
exertion, and attacks of angina pectoris. For one month he had had insomnia, 
orthopnea, edema of the ankles, and a productive cough. 

Examination revealed bilateral corneal opacities, signs of fluid in the right pleural 
cavity, and extreme enlargement of the heart. There was a systolic thrill over the 
aortic area and at the apex of the heart. A systolic and a diastolic murmur were 
heard all over the preeordium. There was a Corrigan pulse. The liver was enlarged 
and tender. There was slight peripheral edema. The blood pressure was 300/38. 

The clinical diagnosis was congenital syphilitic aortitis with aortic insufficiency, 
questionable stenosis or calcification of the aortic ring, and myocardial insufficiency. 
A roentgenogram of the chest showed enormous enlargement of the left and right 
ventricles, and pleural effusion at the base of the right lung. An electrocardiogram 
revealed a high-grade intraventricular conduction defect. Both the blood Wasser- 
mann and Kahn reactions were positive (2 plus). The pulse became completely 
irregular and there was a pulse deficit. Five days after admission, while apparently 
comfortable, and engaged in conversation, the patient suddenly developed profuse 
diaphoresis, became markedly cyanotic, and died. 

Post-mortem examination revealed syphilitic aortitis and aortic insufficiency; cal- 
cific aortic stenosis with an acquired bicuspid condition of the valve; young and 
old myomalacia of both ventricles; chronic passive congestion of the liver, spleen, 
kidneys, intestines, and lungs. 

The heart was enormous, weighing 1300 gm. The mouth of the right coronary 
artery was narrowed. The left and right coronary arteries and their branches were 
sclerotic, but not narrowed. Despite the absence of coronary occlusion, there was 
an area of softening of recent origin in the anterior wall of the left ventricle near 
the apex. There were also diffuse areas of myofibrosis throughout both ventricles. 

DISCUSSION 

The following discussion is limited to a consideration of the occur- 
rence and pathogenesis of certain characteristic symptoms of calcific 
aortic stenosis, and the diagnosis and differential diagnosis of the 
disease. 

Angina Pectoris . — Angina pectoris has been reported as occurring 
in 20 to 25 per cent of the cases of calcific aortic stenosis. Cai’diac 
pain, with or without the typical radiation of angina pectoris, and 
usually due to effort, occurred in nine of our fifteen cases. 

The pathogenesis of angina pectoris in this disease has been the 
subject of considerable discussion but is still obscure. Because of the 
frequency of a diastolic murmur in association with aortic stenosis, 
the cardiac pain has been attributed to concomitant aortic insufficiency. 
Several objections may be raised to this theory. Despite the diastolic 
murmur, there is no dynamically significant insufficiency; the typical 
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peripheral circulatory phenomena of free aortic regurgitation are 
absent unless syphilitic aortic insufficiency is present also. Further- 
more, angina pectoris has been observed in cases of calcific aortic 
stenosis in which there was neither a. diastolic murmur nor any other 
clinical evidence of aortic insufficiency. Three such examides were 
encountered in our series. Finally, there is some question whether 
the pain in aortic insufficiency (usually in syphilitic aortic insufficiency) 
is due to the valvular lesion itself. More probably, the pain results 
from the narrowing of the coronary ostia which so often occurs in 
syphilitic aortitis. In cases of rheumatic aortic insufficiency angina 
pectoris is much more infrequent; it is not typical in that it usually 
occurs without effort and is associated with vasomotor phenomena. 
The active myocarditis and the extremely low diastolic pressure fre- 
quently found in such eases may account in part for the anginal pain. 

More logical theories have attributed the pain in calcific aortic 
stenosis to myocardial ischemia, but as yet there has been neither 
anatomic confirmation of the existence of such ischemia nor a clear 
physiologic explanation for its development. Many observers have 
been unable to find any narrowing of the coronary arteries, such as 
might be expected to produce myocardial ischemia. In fact, they have 
emphasized that these vessels show surprisingly little sclerosis, and 
that their lumina may even be widened. Boas 4 found the coronary 
arteries normal at necropsy in two individuals who had suffered from 
angina pectoris ; in one, death had occurred following an attack which 
closely resembled acute coronary thrombosis. He concluded that the 
pain was due to myocardial ischemia caused by an obstruction at the 
aortic rather than at the coronary orifice, and that associated cardiac 
failure contributed to the development of the symptoms. This ex- 
planation appears obscure since normal aortic pressure is usually main- 
tained even when there is extreme stenosis of the aortic valve. Re- 
cently, Contratto and Levine 7 attributed the angina pectoris to myo- 
cardial ischemia caused by suction of blood from the coronary arteries 
by acceleration of the blood flow past the orifices of these vessels. 
These authors also quoted the views of Harrison, who suggested that 
the cardiac pain is due to two factors: (1) the augmented cardiac 
work, resulting from the elevated intraventricular systolic pressure 
and from the extremely rapid ejection velocity; and (2) coronary 
vasoconstriction. The first factor is undoubtedly important, but the 
second is purely hypothetical. 

Our studies offer pathologic and clinical support for the theory that 
myocardial ischemia is the cause of angina pectoris in calcific aortic 
stenosis. In some instances we have found severe narrowing of the 
coronary vessels or their lumina, with or without coronary occlusion 
and myocardial infarction ; in others we have seen acute myocardial 
damage without recent coronary occlusion. Although in calcific aortic. 
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stenosis the coronary vessels are usually surprisingly smooth, they were 
significantly narrowed in three of the six nonsyphilitic cases in which 
angina pectoris was present. In addition, the coronary ostia in these 
cases were narrowed by calcific plaques in the sinus pockets; in two of 
the eases there was an old occlusion of a major coronary branch. More 
significant are the two cases of angina pectoris in which there was evi- 
dence of myomalacia of recent origin without coronary occlusion. These 
cases are important because they are examples of myocardial ischemia, 
of a degree sufficient to produce acute anatomic alterations, resulting 
from functional coronary insufficiency. Since these studies, we have 
observed other instances of aortic stenosis in which there was acute 
myomalacia without recent coronaiy occlusion. In view of these evi- 
dences of extreme myocardial ischemia due to functional coronary 
insufficiency, it is reasonable to suppose that similar, though less in- 
tense, myocardial ischemia may account for those instances of angina 
pectoris in which there is no anatomic change either in the heart 
muscle or in the coronary vessels. 

A physiologic explanation of, and support for the existence of, func- 
tional coronary insufficiency in eases of aortic stenosis is found in the 
recent studies of Green. 14 He demonstrated, first, that in eases of 
aortic stenosis there was a significant reduction in the minute-volume 
flow through the coronary arteries and, second, that this flow could 
not easily be increased when there was an enhanced myocardial de- 
mand for blood. Despite extreme aortic stenosis, an essential^ normal 
aortic pressure is maintained by the abnormally strong left ventricular 
contraction that is associated with the tremendous elevation of intra- 
ventricular pressure, but, at the same time, the elevated intraventricu- 
lar pressure diminishes the systolic flow (and minute-volume flow) of 
blood through the coronaries by compressing the peripheral coronary 
vessels and thus increasing the coronary resistance during systole. 
The mechanism is similar to that involved in the blanching of a tightly 
clenched fist. Thus, there may be an inadequate coronaiy flow even 
at rest. Usually, however, this inadequacy becomes significant only 
during exertion, when an increased coronaiy flow is needed. Because 
of the already extremely high intraventricular pressure, the left ven- 
tricle finds it difficult, or impossible, to augment further the force of 
its contraction and the aortic pressure. As a result, there may be, 
during exertion, an inadequate coronary flow with consequent myo- 
cardial ischemia. As long as the heart weight is normal there may be 
little or no myocardial ischemia, but when the heart is noticeably 
hypertrophied the ischemia due to a relatively insufficient coronaiy 
flow may become intense. This explanation is supported by the fact 
that, in our series, in those eases in which angina pectoris did not 
occur the hearts were normal or only slightly hypertrophied, while in 
those cases in which it did occur the heart weights usually exceeded 
500 gm. 
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The theory that myocardial ischemia is the cause of angina pectoris 
in eases of calcific aortic stenosis is further supported by the electro- 
cardiographic changes. There is usually left axis deviation, which 
may, of course, be due to the hypertrophy of the left ventricle. More 
significant are those changes in the T-wave and EST segments which 
are frequently encountered in this disease. Because of these changes 
the electrocardiogram is often interpreted as indicating myocardial 
disease, and a clinical impression of coronary artery disease is appar- 
ently verified. "When electrocardiograms are taken repeatedly, the 
progressive alterations in the T-waves and EST transitions are some- 
times interpreted as indicating coronary thrombosis, an interpretation 
which the clinical picture seems to confirm. These electrocardiographic 
abnormalities are explicable if we accept the hypothesis that with 
extreme calcific aortic stenosis there is actually myocardial ischemia 
similar to that associated with coronary arteriosclerosis or occlusion. 

Conduction Disturbances . — Complete heart block, bundle branch block, 
intraventricular conduction defects, and delayed aurieuloventricular 
conduction occur with sufficient frequency in calcific aortic stenosis 
to be considered characteristic of the disease. 4 ’ ir> In the electrocardio- 
grams of the patients in the present series, left bundle branch block 
was observed three times, intraventricular conduction disturbance 
(arborization block) twice, and a prolonged PE interval twice. These 
abnormalities occurred in four of the fifteen cases. 

These disturbances in conduction, especially complete heart block, 
have been attributed to organic disease of the bundle of His, caused 
by an extension of the calcific process from the aortic valve to the 
fibrous septum. 15 While we, as well as others, 10 have occasionally 
observed such calcific destruction of the bundle, we have seen heart 
block in some cases in which such organic changes could not be demon- 
strated. Lime salts were not found in the microscopic sections con- 
taining the bundle in any of our four cases in which there were con- 
duction disturbances. While this is inconclusive without detailed study 
of serial sections, there are other reasons for believing that the con- 
duction disturbances are not invariably, nor even usually, due to 
organic calcific interference with conduction. First, it would be diffi- 
cult to explain the intraventricular conduction defects, for the calcific 
process does not extend beyond the main bundle or the beginning of 
its main branches. Second, the type and degree of conduction dis- 
turbance in a given case are often variable and transient. Thus, in 
one case of calcific aortic stenosis which we have observed (not in- 
cluded in this series), the electrocardiogram first revealed only left 
axis deviation and a negative T-wave in Lead I. A week later the 
PE interval was prolonged to 0.28 second. Shortly afterward there 
was a transient complete heart block and, eventually, an intraven- 
tricular conduction disturbance. In Case 4 of Boas' 4 report, heart 
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block was likewise transient and occurred only on exertion, simulta- 
neously with angina pectoris. It is difficult to correlate these obser- 
vations with the conception of a fixed organic calcific lesion in the 
bundle or its branches. On the other hand, they are clearly compatible 
with our belief that the disturbances in conduction, like angina pectoris, 
are due to myocardial ischemia. This does not preclude the fact that 
in some instances of conduction disturbance calcific deposits in the 
bundle play a contributory or dominant role. 

Dizziness and Syncope. — Gallavardin 17 has stressed the frequency of 
dizziness and syncope in cases of calcific aortic stenosis. He believes 
that these symptoms are due to sudden, transient, cerebral anemia, 
caused by an insufficient aortic output. He bases this belief on elec- 
trocardiograms made during syncope of effort, which showed that the 
heart did not stop contracting while the pulse beat entirely disap- 
peared. Marvin and Sullivan 6 suggested that syncope, like sudden 
death in this disease, is due to a hyperactive carotid sinus reflex. 

There are two significant observations as to the occurrence of dizzi- 
ness and syncope which are pertinent to their pathogenesis. In the 
first place, these symptoms tend to occur in individuals who suffer 
from angina pectoris and, second, they tend to occur during effort. 
This suggests a similarity between the mechanism which produces 
angina pectoris and that which causes dizziness and syncope. Dizzi- 
ness and syncope, like angina pectoris, occur in those individuals in 
whom there is extreme narrowing of the aortic orifice, and a conse- 
quent marked compensatory hypertrophy of the left ventricle. Under 
ordinary circumstances the increased intraventricular tension is suffi- 
cient to maintain a normal aortic, and consequently a. normal cerebral, 
arterial pressure despite the valvular stenosis. But there is no reserve 
for further elevation in intraventricular pressure when exertion re- 
quires an increase in the cerebral vascular flow. Thus dizziness and 
syncope result from the cerebral anemia that is caused by a relative 
cerebral arterial insufficiency. 

Sudden Death . — The frequency of sudden death in cases of calcific 
aortic stenosis has been noted by many authors, but its pathogenesis 
remains obscure. It occurred in three of our cases. Those individuals 
who die suddenly of aortic stenosis have usually suffered from angina 
pectoris, dizziness or syncope, or disturbances in cardiac conduction. 
The pathogenesis of sudden death would, therefore, seem to be similar 
to, or identical with, that of the above-mentioned manifestations. The 
commonest of the natural causes of sudden death is myocardial infarc- 
tion due to coronary artery occlusion. As we have seen, myocardial 
infarction may occur in calcific aortic stenosis, due either to associated 
coronary thrombosis or to extreme eoronaiy insufficiency. In some 
instances of severe myocardial ischemia death may occur before an 
infarct has formed. Whether sudden death may also occur in this 
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disease as a result of myocardial ischemia insufficient to produce 
infarction remains uncertain. Such myocardial ischemia may, how- 
ever, be sufficient to produce a high degree of heart block, with con- 
sequent cerebral anemia or cardiac standstill, or it may cause ventricu- 
lar fibrillation. 

Cerebral anemia, as we have seen, may be due directly to an inade- 
quate supply of blood through the cerebral vessels. It may produce 
merely dizziness or syncope, but occasionally, if extreme, sudden death. 
Marvin and Sullivan 0 have suggested that a hypersensitive carotid 
sinus also may produce cardiac standstill and sudden death, but Con- 
tratto and Levine 7 were unable to produce dizziness or syncope in 
nineteen out of twenty-one patients with calcific aortic stenosis by 
pressing on the carotid sinus. It is possible, however, that when myo- 
cardial ischemia has already produced some degree of conduction dis- 
turbance, reflexes from a hypersensitive carotid sinus may help to 
precipitate sudden death. Two eases have been reported in which 
sudden death may have resulted from the formation of an occluding 
thrombus over the stenotic aortic valvular orifice. 18 

DIAGNOSIS AND DIFFERENTIAE DIAGNOSIS 

There is no longer any reason why the clinical diagnosis of calcific 
aortic stenosis should not be made in most instances of the disease. 
Of course, its recognition is simple when the classical criteria are 
present, namely, an aortic systolic murmur and thrill, absence of the 
second aortic sound, a characteristically small delayed pulse, and en- 
largement of the left ventricle. Calcific aortic stenosis should be 
suspected, even in the absence of a thrill, if there is a very rough, 
or musical, systolic murmur and enlargement of the heart in a person 
past 50 years of age with no evidence of organic mitral disease. 
Calcification of the valves may then be confirmed by roentgenologic 
examination, especially by fluoroscopy, as described bj r Sosman and 
Wosika. 5 

Most frequently the only physical sign of calcific aortic stenosis is 
a loud, rough, whistling or musical murmur at the base of the heart, 
over the sternum, or over the entire precordium. In the absence of 
hypertension such a murmur should always suggest the possibility of 
calcific aortic stenosis, especially if there is evidence of left ventricular 
enlargement or if there is a history of dizziness, syncope, or angina 
pectoris, and if there are disturbances of cardiac conduction. The 
provisional diagnosis may then be verified by a roentgenologic demon- 
stration of calcification of the aortic valve. 

In about half of the cases of calcific aortic stenosis there is an asso- 
ciated aortic diastolic murmur suggestive of aortic insufficiency, but 
none of the dynamic changes of aortic insufficiency are present. If an 
aortic diastolic murmur is heard in a patient who has a negative Was- 
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sennann reaction, no history of syphilis, no associated mitral lesion, 
and none of tlie peripheral circulatory phenomena of aortic insuffi- 
ciency, a diagnosis of calcific aortic stenosis should he considered and 
evidence of calcification of the heart valves sought by fluoroscopy. 

Calcific aortic stenosis is most often confused with mitral insuffi- 
ciency, aortic insufficiency, and arteriosclerotic heart disease (coronary 
artery disease). Mitral insufficiency is considered when, as happens 
frequently, there is only a systolic murmur. Aortic insufficiency is 
diagnosed because of the frequent presence of a diastolic murmur at 
the base of the heart along- the sternum. The differentiation of calcific 
aortic stenosis from these lesions has already been discussed. 

The differentiation of calcific aortic stenosis from coronary artery 
disease may be extremely difficult because, as we have seen, the symp- 
toms of both are due essentially to myocardial ischemia. Angina 
pectoris, disturbances in conduction, abnormalities of the T-waves, 
cardiac failure, and sudden death are caused by both of these condi- 
tions. Attacks of dizziness and S 3 'ncope, when present, favor a diag- 
nosis of calcific aortic stenosis, rather than arteriosclerotic heart disease. 
If, in addition, there is a distinctive murmur or a systolic thrill, the 
differentiation from coronary artery disease is clear. Calcific aortic 
stenosis should be considered as a - diagnostic possibility in any patient 
with cardiac failure of obscure etiology. In all doubtful cases the 
cardiac valves should be examined in detail fluoroscopicalty and roent- 
genographieally for evidence of calcification. 

The differentiation of rheumatic from nonrheumatic calcific aortic 
stenosis usually cannot be made from the symptoms and physical signs 
alone. If there is a history of rheumatic fever, a rheumatic etiology 
is almost certain. If the patient is below the age of 50, the aortic 
stenosis is usually due to rheumatic fever. When there is definitely 
an associated mitral stenosis, the aortic, like the mitral, lesion is almost 
invariably rheumatic. When the physical signs of mitral stenosis are 
uncertain, roentgenologic evidence of unusual left auricular or right 
ventricular enlargement suggests associated rheumatic mitral disease. 
Similarly, if the electrocardiogram shows right ventricular preponder- 
ance, due apparently to mitral disease, the calcific aortic stenosis is 
probably rheumatic. 


SUMMARY 

1. A study was made of fifteen eases of calcific aortic stenosis in 
which detailed pathologic examination (previously reported) had shown 
that the lesion was nonrheumatic. In four of the cases there was an 
associated syphilitic aortitis. 

2 . While in most cases of calcific aortic stenosis there is considerable 
evidence that the etiology of the lesion is rheumatic, this evidence does 
not preclude the existence of a nonrheumatic form of the disease. 
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3. The cases in our series fell into three groups. The first, consisting 
of six cases, was characterized by the development of left- and right- 
sided heart failure. The history of these patients revealed the typical 
symptoms of calcific aortic stenosis, including angina pectoris, dizzi- 
ness, and syncope. Electrocardiograms frequently showed varying 
degrees of heart block, such as bundle branch block and intraventricu- 
lar conduction disturbances, and abnormalities of the T-waves and 
RST transitions. In occasional cases death occurred suddenly. 

In the second group, consisting of five cases, the valvular lesion was 
discovered accidentally in patients who died of some unrelated disease. 
Neither the characteristic symptoms of the valvular abnormality nor 
evidences of heart failure were present. 

The third group, containing four cases, resembled the first, both in 
the occurrence of cardiac failure and in the appearance of the other 
characteristic symptoms. These eases were segregated because there 
was associated syphilitic aortitis and aortic valvular disease. 

4. Seven cases typifying these three groups were presented in mod- 
erate detail. 

5. The occurrence and pathogenesis of angina pectoris, conduction 
disturbances, dizziness and syncope, and sudden death were discussed. 

A. Angina pectoris is believed to be caused by myocardial ischemia 
due to coronarj' insufficiency. When the patient is at rest, coronary 
insufficiency is due partly to the increased demand for blood made by 
a greatly hypertrophied heart, and partly to the diminished coronary 
flow. The coronary flow is reduced by the increased peripheral coro- 
nary resistance resulting from the extremely high systolic pressure 
within the left ventricle. During exertion the coronary insufficiency 
becomes more marked. Verification of the existence of coronary in- 
sufficiency in these cases is furnished by the occasional instances of 
myocardial infarction without acute coronary occlusion and by the 
electrocardiograms, which may resemble those of coronary occlusion. 

B. The conduction disturbances, as well as the changes in T-waves 
and RST transitions, were similarly explained as being caused by 
myocardial ischemia due to coronary insufficiency. Occasionally, heart 
block is due to extension of the calcific process to the septum, but the 
nature of some of the conduction disturbances, their occurrence in 
some patients on effort, and their transience suggested that they were 
due predominantly to myocardial ischemia. 

C. Dizziness and syncope occur almost always on effort. They are 
thought to be due to cerebral ischemia. The already high left intra- 
ventricular pressure necessary to compensate for extreme aortic stenosis 
can be further elevated only with difficulty when there is a demand 
for increased cerebral blood flow. Occasionally, a hypersensitive carotid 
sinus also may play a role. 
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D. Sudden deatli in this disease may have various causes. It may 
he due to coronary thrombosis, or to myocardial infarction resulting 
from severe ischemia without acute occlusion (i.e., from coronary in- 
sufficiency). Occasionally it may be due to severe cerebral ischemia, 
obstructing thrombi on the stenotic aortic valve, a hypersensitive 
carotid sinus reflex, cardiac standstill, or ventricular fibrillation. 

6. A summary was given of the means of diagnosing calcific aortic 
stenosis, of differentiating it from the diseases with which it is ordi- 
narily confused, and of distinguishing the rheumatic from the non- 
rheumatic cases. 
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THE DEVELOPMENT OF THE ELECTRO C AUDIO GRAM 
OF THE EMBRYONIC HEART® t 

Ebbe C. Hoff, Ph.D., New Haven, Conn., T. C. Kramer, M.A., Ann 
Arbor, Mich., Del afield DuBois, A.B., New Haven, Conn., 
and B. M. Patten, Ph.D., Ann Arbor, Mich. 

* I 'HE obviously interesting possibilities of electrocardiograms from 
A embryonic hearts have led to many attempts to secure such records. 
The technical problems involved, however, have proved to be varied and 
troublesome and the results none too consistent. Physiologists well 
equipped to deal with the matter of electrical recording have been 
handicapped by the lack of a detailed knowledge of heart development 
and bj r unfamiliarity with satisfactory methods of handling living em- 
bryos. Embryologists, to whom a knowledge of cardiac development 
is a stock in trade, have not been trained to cope with the intricate 
technique of recording and the difficult matter of interpreting minute 
electrical changes. With the rapid progress that has been made in 
electrical recording and in the manipulation of living embryos during 
recent years, it seemed as if it should be fruitful to attempt a group 
attack on this problem of the embryonic electrocardiogram, in Avhicli 
the collaborators among themselves would have first-hand knowledge 
of all the necessary phases of the work. 

literature 

As is natural, the earliest work in this field dealt with relatively 
advanced fetuses which might be expected to furnish records more 
readily comparable with those from adults. In 1906, Cremer 1 at- 
tempted to secure fetal electrocardiograms in the last month of gesta- 
tion by the use of vaginal-abdominal or recto-abdominal leads on preg- 
nant women. Similar efforts to obtain electrocardiograms from the 
fetus in utero, using also as variants of Cremer r s original method two 
external abdominal leads, were made by Foa 2 (1911), ILaynal and 
Kellner 3 (1923), Sachs 4 (1923), and Maekawa and Toyosliima 5 (1930). 
The superimposition of a weaker fetal electrocardiogram on a stronger 
maternal record and the occurrence of irregularities in the records 
which did not appear to be attributable to either fetal or maternal 
heart have made the results obtained from such an approach exceed- 
ingly difficult to evaluate Avitli any certainty. 

*AA r ork aided by a grant from the Fluid Research Fund, Yale University School 
of Medicine. 

tFrom the Laboratory of Physiology, Yale University School of Medicine, and 
the Department of Anatomy, University of Michigan Medical School. 
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Greater success lias attended efforts to secure electrocardiograms 
by the use of direct leads from fetuses removed in cases of hysterec- 
tomy and kept alive for a time in warm physiologic saline solution. 
Easby 6 (1934) has reported on the records of a 4% month fetus thus 
obtained, and Heard, Burkley and Schaefer 7 (1936) succeeded in mak- 
ing good records from a series of eleven fetuses ranging in age from 
the tenth to the twenty-fifth week of gestation. These observations 
clearly indicate that the embryo develops an electrocardiogram simi- 
lar to that of the adult at a surprisingly early age, and that any 
efforts to study the manner in which the characteristic adult waves 
are established must be undertaken on embryos in which the early 
stages of heart formation are occurring. The almost insurmountable 
difficulty of securing anything like a complete series of living human 
embryos in this age range has directed attention toward the embryos 
of animals adaptable to experimental investigation. 

Wertheim-Salomonson 8 (1913) was the first to study the heart 
action of really young embryos by electrocardiographic methods. 
Using the chick as an experimental animal he succeeded in taking 
records from embryos as young as 60 hours. He was greatly handi- 
capped, however, by the lack of amplification methods such as have 
since become available, and his records of these early stages showed 
only slow rises and falls with no clear cut phases such as would be 
anticipated from what is known of the character of the heart action 
at this stage. Not until the fifth to sixth day did his records show 
anything like a regular electrocardiographic pattern beginning to be 
recognizable. Cluzet and Sarvonat 9 (1914) and Spadolini and 
Giorgio 10 (1921) encountered the same difficulties, their records from 
young embryos showing nothing sufficiently consistent to warrant 
any attempt at interpretation. 

That electrocardiograms of adult pattern are obtainable much earlier 
than Avas indicated by such results Avas sliOAvn by Kiilbs 11 (1920), Avho 
greatly improAmd the recording technique and obtained tracings from 
chick embryos shoAving the emergence of practically all of the adult 
characteristics as early as the third day of incubation. In agreement 
Avith Kiilbs’ results, Robb , 12 in the abstract of her report to the Inter- 
national Physiological Congress (1929), stated that the beginnings of 
P-Avaves and of the QRS-T complex AArnre becoming recognizable be- 
tween fifty and seventy-tAvo hours. 

Further progress in the technique of recording Avas sIioaaui in the 
Avork of Lauclie and Schmitz 13 (1931) and that of Lueg and Hofei ’ 14 
(1933). Both these papers, liOAveA r er, dealt Avith explanted hearts or 
Avith cultivated heart fragments. Some of such obseiwations, espe- 
cially those of Lueg and Hofer, and of Katsunuma and Inada 15 (1933), 
on isolated atrial and A r entricular portions of the heart are exceed- 
ingly interesting, but they need to be eA r aluated in relation to records 
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of the intact heart acting- under more nearly normal conditions. 
Moreover, the hearts studied by these workers were for the most part 
rather too old to show the most interesting changes involved in the 
development of an electrocardiogram of adult configuration. 

A description of a carefully worked-out technique for recording 
electrical changes in the embryonic heart was published by Pollack 16 
in 1931. This was followed by a paper in collaboration with Dionne 
and Schafer 17 (1931) on amplification technique, and a later paper by 
the same group (Dionne, Schafer, and Pollack, 1S 1932) giving some of 
the results obtained by these methods. The embryos they used were 
for the most part older than those on which we are reporting, their 
series running from the fourth to the twentieth day, but when their 
observations and ours dealt with comparable material it is interesting 
to note that the potential changes recorded are quantitatively in close 
agreement. They observed, however, a wave which they called the 
“P a” wave, with which we found nothing precisely comparable. This 
wave appeared immediately following the P-wave and was regarded 
by them as an auricular phenomenon comparable to the T-wave of the 
ventricular complex. Among our records from older embryos — not 
here illustrated — -puzzling, complex P-waves were occasionally seen. 
We were inclined to regard them as conduction irregularities caused 
perhaps by unsuccessful maintenance of favoi’able conditions in the 
preparation, rather than as a normal phenomenon. None of them 
seemed to us to correspond with the “P a” wave described by Dionne, 
Schafer, and Pollack, unless the rise following the P-wave in Pig. 7 
could be so interpreted. 

In a short paper on the influence of digitalis on the embryonic elec- 
trocardiogram, Lagen and Sampson 19 (1932) state that multipliasie 
curves are obtainable from chick embryos as early as the thirty-sixth 
hour of incubation. Regrettably, no illustrations of their records were 
included, so that satisfactory comparison of their interesting findings 
with other available data is not possible. 

The most satisfactory electrocardiographic records from young em- 
bryonic hearts which we have been able to find in the literature are 
those of Kiilbs, 11 referred to previously, and those of Bogue 20 (1933). 
The records Bogue reproduces are clear-cut and convincing as to the 
very early appearance of polyphasic tracings. Comparing Bogue r s 
records with those of earlier workers it is apparent that, as amplify- 
ing apparatus has improved, the beginnings of the characteristic 
waves of the adult electrocardiogram have become recognizable in 
progressively younger embryos. Moreover, it is in these earliest 
phases of heart development that the most significant changes in the 
character of its beat are known to occur. For these reasons our own 
efforts were directed primarily toward securing records from the time 
the heart beat was just commencing, through the period of rapid 
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changes in structure and action which occur during loop formation 
and the establishing of the fundamental regional divisions of the heart. 

METHODS 

The eggs used were procured locally from white Plymouth Rock hens and artificially 
incubated by the usual laboratory methods. For taking electrocardiograms, embryos 
of known incubation ages were removed from the shell to permit concurrent ob- 
servations of heart action and to facilitate more accurate manipulation. The mat- 
ter of unhampered manipulation is of particular importance in connection with the 
precise placing of the microeleetrodes, for even slight differences in their position 
may be of great importance in the interpretation of the records. 

The technique of removal and subsequent handling followed in a general way 
the methods used by Patten and Kramer2i (1933) for their microcinematographic 
recording of the early heart beats. Eggs were opened under saline solution kept at 
38° C. By means of a circular cut through the blastoderm, well peripheral to the 
yolk-sac blood vessels, the embryo was freed from the yolk. After removing the 
vitelline membrane, the embryo was floated into a shallow Stender .dish from which 
a small quadrant of the side wall had been cut. The excess fluid having been 
pipetted off, the embryo and its essential membranes were spread out on the bottom 
of the dish in as nearly as possible their normal position. Small strips of filter 
paper adherent to the nonvaseular periphery of the membranes were used to hold 
the embryo in position. With the cover in place, such a chamber may be freely 
handled without injury to the contained embryo. If kept at incubation tem- 
peratures, the embryo will live in it for many hours and even continue to grow. 
There was every evidence, certainly throughout the relatively short period necessary 
for our observations, that the heart was behaving normally. 

The small opening referred to as having been cut in the side wall of the Stender 
dish served both as means of access for introducing fresh saline solution and for 
the insertion of the microelectrodes. In another series of experiments, to be re- 
ported later, this opening served as a means of introducing drugs. It could readily 
be covered when not actually in use. 

For the taking of the electrocardiograpliic records the chamber with an embryo 
mounted in it was placed on the stage of a binocular dissecting microscope in con- 
nection with which was mounted a Chambers micromanipulator. The microscope and 
micromanipulator were housed in a specially constructed, copper-shielded incubator 
which was suspended by springs from the ceiling of the electrocardiographic room. 
Working through arm holes in the incubator, it was possible, with the aid of the 
micromanipulator, to place the electrodes accurately at the desired locations on the 
embryo. When all adjustments had thus been made the arm holes were closed 
with copper-shielded doors for the period of the actual recording. 

Various types of electrodes were tried, with little indication of differences in 
their performance. The electrode used in most of the experiments consisted of a 
small ball of platinum formed at the end of a platinum vrire. The wire was en- 
closed in drawn glass tubing fused around the base of the ball to prevent any 
liquid from creeping up the wires. A pair of such electrodes, matched as closely 
as possible, were mounted in adjustable brass tubes which permitted their being 
firmly clamped in the micromanipulator arms. Immediately before use the platinum 
balls were coated with platinum black. A second type of electrode which also gave 
good results consisted of capillary glass tubing containing isotonic saline-agar gel 
in which cliloridized silver wires were embedded. 

The changing potentials picked up by the electrodes were first passed through a 
three-stage amplifier and then recorded with a Hindle electrocardiograph. The first 
and second stages of this amplifier, together with all the batteries, were housed in 
a second copper-shielded box suspended below the shielded incubator containing the 



474 


THE AMERICAN HEART JOURNAL 


embryo. The amplifier, of which a diagram is shown in Fig. 1, was designed pri- 
marily to have a low noise level, which is essential if small potential differences, such 
as the early P-waves, are to be detected. The first tube was mounted in a’ tight 
inner compartment of the lower box and was provided with additional sheet-copper 
shielding. It was also necessary that the first tube of the amplifier should have 
an extremely low grid current in order to minimize polarization of the electrodes. 



Since the value of an amplifier of this type, used under the conditions of these ex- 
periments, depends primarily upon the characteristics of the first stage tube, a 
number of these were tried. The tube found most satisfactory was Western Electric 
No. 259B, operated according to the recommendations of Dunning (Pearson , 22 3934). 
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It should be emphasized that in using tubes under these unusually exacting con- 
ditions each individual tube must be tested, since it is not to be expected that the 
voltages designated for one will be exactly right even for another tube of the same 
lot and number. In testing the tubes, characteristic plate current versus grid voltage 
readings were taken, switching in and out of the grid circuit a resistance of 1.2 
by 10i° ohms (S. S. White Dental Manufacturing Co.). From the data so obtained 
two curves can be drawn which cross at “floating grid,” when the grid current is 
zero and when switching in and out of the high resistance has no effect on the plate 
current. From the divergence of these two curves the magnitude of the grid cur- 
rent at any grid voltage may be calculated. The tubes were studied at various 
values of heater current, plate voltage, and screen-grid voltage. The 259B tube 
was operated as follows: Heater current, 1.4 amperes; plate supply voltage, 39; 

plate voltage, 24; screen-grid voltage, 1(5.5; grid voltage for floating grid, 0.45. The 
plate current was 0.15 milliamperes, and the voltage amplification (100,000 ohms 
plate load) was 24 volts per volt. 

The second and third tubes (E.C.A. 38) were used according to the method de- 
scribed by Johnson and Neitzert 2 ® (1934) except that large, liigli-resistance con- 
densers were used to adapt the amplifier to heartbeat frequency. The method of 
balancing off plate current from the galvanometer string is obvious from the 
diagram. All resistances were wire-wound and soldered in place. Each tube was 
soldered by the prongs, so that no tube sockets were used, and the electrode, grid, 
and battery connections were all soldered. 

MAJOR CHANGES IN THE STRUCTURE OF THE EMBRYONIC HEART 
DURING THE PERIOD COVERED BY THE EXPERIMENTS 

The embryonic heart, during- the early stages of its formation, 
changes rapidly and radically in structure (Patten, 24 1922). The 
initial cardiac contractions in a 29 - to 30-hour-old chick take place in 
a heart which has only its ventricular region well formed. The poten- 
tial changes one records from a chick in which the heart beats are 
beginning to develop with sufficient power to set the blood in motion 
are produced by a heart in which both the atrium and the ventricle 
have begun to beat, but in which the sinus venosus is still too little 
differentiated to show any contractile activity. Not until some time 
after the circulation of blood has been well established does the sinus 
region begin to pulsate and to take over the pace-making role pre- 
viously carried by the atrium. With such profound changes occur- 
ring in the heart it is obviously futile to attempt any interpretation 
of records of its action except in the light of explicit knowledge of 
the morphologic changes with which the physiologic changes are cor- 
related. 

The most significant thing about the young embiyonic heart, -which 
must be understood in order to interpret the functional changes oc- 
curring in it, is the fact that its various regional divisions do not 
start to differentiate simultaneously, but in sequence. The general 
manner in which the primitive cardiac tube is formed by the coales- 
cence midventrally of paired primordia which first make their appear- 
ance on either side of the midline has long been -well known. What 




Fig. 2. — The formation of the fundamental regions of the chick heart by pro- 
gressive fusion of its paired primordia. A, at the 9-somite stage, when the first 
contractions appear. The bulboventricular part of the heart is the only region 
where the fusion of the paired primordia lias occurred and their myocardial invest- 
ment has been formed. B, at the 16 -somite stage, when the blood first begins to 
circulate. The atrium and ventricle have been established, but the sinus venosus 
exists only as undifferentiated primordial channels, still paired and still lacking 
myocardial investment. C, at the 19-somite stage. Fusion of the paired primordia 
is just beginning to involve the sinus region. D, at the 26-somite stage. The 
sinus venosus is definitely established and its investment with myocardium well 
advanced. "While schematic as to manner of drawing, these figures are based on 
projection outlines of actual preparations, and such structures as the somites and the 
cranial ganglia V, VII- VIII, and IX-X are shown in their exact relationships to 
serve as landmarks in following the progress of fusion of the cardiac primordia. 
As an additional aid in following this fusion, arabic numerals have been placed 
against approximately corresponding locations. The 6 is located at the point of 
entrance of the duct of Cuvier as determined from injected specimens. Sabin’s 31 

( Legend continued on opposite page.) 
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lias not until recently received sufficient attention is tlie fact that 
the fusion of these primordia takes place gradually, being' completed 
anteriorly before it has even begun posteriorly. 

The main steps in the sequential formation of the primary regional 
divisions of the heart are indicated dia grammatically in Fig. 2. Each 
of the paired cardiac primordia consists of a delicate endothelial tube 
flanked laterally by a thickened fold of potentially myocardial tissue. 
As the endocardial tubes meet in the midline thej r coalesce with each 
other to form the endothelial lining of the primitive tubular heart. At 
the same time the myocardial folds of the two primordia meet each 
other to complete the outer contractile layer of the heart. If we look 
at an early stage in this process (Fig. 2 A) it becomes evident that, 
with this fusion beginning, as it does, anteriorly, the bulboventrieular 
part of the heart is established before fusion reaches the atrial level 
at all. The atrium is formed later, behind the ventricle, as fusion of 
the primordia progresses eaudad (Fig. 2 B). Still later the sinus 
venosus is added behind the atrium (Fig. 2, C and D). 

Myocardial differentiation follows this same sequence, and we find the 
myocardial layer of the ventricle well formed and considerably thick- 
ened, while that of the atrium is still undifferentiated. The atrial 
myocardium in turn differentiates before that of the sinus. The 
various regions of the heart begin to beat in the same sequence in 
which they are formed. Feeble local contractions appear first in the 
ventricular myocardium and, before the atrium has been fully formed, 
the ventricle has developed a slow but rhythmic beat of its own. 
When the atrium has been added behind the ventricle and begins 
to pulsate, we notice that its contractile rate is higher and that it 
comes to dominate the slower ventricle, thus increasing the heart rate 
and initiating a peristaltoid sweep of the contractions from posterior 
to anterior. It is highly significant that this atrioventricular beat 
becomes adequate to start the actual circulation of blood before the 
sinus venosus is sufficiently differentiated to show any contractile 
activity whatever. It is some time after circulation has commenced 
that the sinus is formed behind the atrium and in its turn invested 
with myocardial covering. The sinus, when it becomes active, shows 
an intrinsically higher contraction rate than either ventricle or atrium, 
and its incorporation into the cardiac tube again increases the heart 
rate and lengthens and intensifies the peristaltoid sweep of the con- 
tractions. 


Legend for Fig. 2 (Cant’d) 

Figs. 1 and 2. plate 2, show in dorsal perspective the entrance of the duct of 
Cuvier at stages corresponding to B in this figure. The entrance point of the duct 
of Cuvier serves as a precise indication of the level of future sinus territory. The 
heavy black outlines and the crosshatched contours indicate the extent to’ which 
the heart is invested by differentiated myocardium. Note especially the absence of 
anything like an effective myocardial layer encasing the sinus region until a con- 
siderable time after the heart has begun to beat and the blood has been set in motion. 
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A fuller account of tlie changes outlined above will be found in a 
paper by Patten and Kramer 21 (1933). The sequential formation of 
the several regions of the embryonic heart, and the fact that they go 
into activity in the same order that they are formed is, however, a 
matter of such fundamental importance for interpreting records of 
its action that it seemed necessary to summarize this situation briefly 
here. In comparing records made during this period of rapid changes 
we must know whether they represent a ventricular beat, an atrio- 
ventricular beat, or a sin oatrio ventricular beat. 

RESULTS AND DISCUSSION 

The earliest visible manifestation of cardiac activity occurs in chick 
embryos at the 29- to 30-liour stage (embryos of nine to ten somites). 
It consists of spasmodic contractions of small groups of cardiac muscle 
cells which precede the establishment of regular rhythmic contraction 
of the heart as a whole. These contractions have been recorded 
microcinematograpliically (Patten and Kramer, 21 1933), and are known 
to appear first in the primitive ventricular part of the heart. Re- 
peated efforts were made to record the potential changes of these 
early local contractions but we obtained no satisfactory tracings. 
This was particularly disappointing in view of the interesting com- 
parison they would have afforded with the potential changes reported 
by Hogg, Goss, and Cole 25 (1934) for small clusters of cultured ven- 
tricular muscle cells from the embryonic heart of the rat. 

Our earliest consistent records were from embryos in the 33- to 
36-hour range (thirteen to fifteen somites). At this stage of develop- 
ment, fusion of the cardiac primordia has progressed caudad so that 
it is just beginning to involve the atrial level (Fig. 2 B). The heart 
beat is regular, although still slow in rate, and is beginning* to show a 
peristaltoid character with the beat starting near the atrioventricular 
junction and sweeping- ceplialad through the ventricle. Fig. 3 shows 
the progression of the contraction as recorded by micromoving pictures. 
An electrocardiographic record taken at this stage is reproduced in 
Fig. 4. 

In the usual electrocardiographic setup, relative negativity of the 
right-hand electrode produces an upward movement in the tracing. 
In making our records from the embryonic heart the apparatus was 
so arranged that the more cephalically placed electrode corresponded 
to the conventional right-hand electrode. With these facts as to the 
experimental conditions in mind, and with a timed record of the prog- 
ress of contraction such as that shown in Fig. 3 for comparison, the 
general significance of the electrical record seems clear. The initial 
drop in the tracing indicates the initiation of contraction nearer to 
the posterior electrode, so that the anterior (right-hand) electrode is 
first positive. As the impulse moves forward through the ventricle, 
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Fig. 3. — Superimposed tracings from micromoving pictures (sixteen frames per 
second) of heart at stage when the atrium is being established behind the ventricle 
(12 to 13 somites; ± 32 to 33 hours' incubation). The outer solid line is the tracing 
of the heart contour during diastole. The numbered contour lines are tracings from 
successive frames, indicating the contraction changes at one-sixteenth-second inter- 
vals during one complete contraction cycle. Where beginning relaxation has brought 
a contour line nearer to the diastolic outline than the previous frame, the line is 
drawn broken. 
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the anterior electrode becomes relatively negative and the tracing 
sweeps above the isoelectric line. That the initial deflection is down- 
ward rather than upward clearly reflects the fact that in the very 
young embryonic heart the cephalocaudal position of ventricle and 
atrium is exactly the reverse of that characteristic of the adult, the 
atrium in the young embryo being more posterior than the ventricle. 



Fig - . 4 . — Tracing- from a 15-somite chick (No. 79, “incubation age” ± 36 hours). 
Platinized platinum electrodes. Calibration: 50 microvolts = 12 mm. 

In this and the following figures the diagram at the left showing the shape and 
position of the heart was made by projection from a photomicrograph of the actual 
embryo yielding the record. The small circles indicate the positions in which the 
electrodes were applied. 


The sinusoidal configuration of such tracings from very young 
hearts calls for additional comment. Almost all the earlier workers 
in this field have secured tracings of a similar character from “the 
youngest stages successfully recorded.” But repeatedly, as methods 
have improved, the sinusoidal type of curve has been reported as 
characteristic of younger and younger embryos, and clear-cut poly- 
phasic tracings have been obtained from embryos of ages at which 
earlier investigators secured only sinusoidal curves. Eyster, Krasno, 
and Hettwer 26 (1937) attribute this situation to the fact that with 
unsatisfactory amplification methods the string had to be unduly 
loosened to respond at all to the minute potential changes involved. 
They are inclined to believe that the heretofore reported sinusoidal 
curves had no significance other than indicating the use of too loose 
a string. In the light of what has happened in the past, the possibility 
must be frankly faced that further refinements in technique may re- 
sult in supplanting with more definite records the sinusoidal curves 
we obtained from our youngest stages. It is pertinent, nevertheless, 
to emphasize the fact that our amplification was sufficient to permit 
taking the record reproduced in Pig. 4 with the string at the normal 
tightness used for the entire series of observations here reported. 
Perhaps worthy of comment, also, is the fact that this earliest elec- 
trical record of ventricular contraction in the embryonic heart is 
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strikingly similar to records taken from dying human hearts in the 
terminal stages of ventricular fibi'illation. 

Electrocardiograms from slight^ older embryos begin to show a 
sharp downward deflection (Pig. 5) instead of the sinusoidal curve 
of the earliest records (Pig. 4). We interpret this deflection as being 



the first manifestation of the QRS or characteristic ventricular com- 
plex. There are several points to be considered in arriving at such a 
conclusion. In the first place, it must be remembered that the heart 
at this stage is still almost entirely ventricle, and that the atrial region 
is just beginning to be formed behind the ventricle as fusion of the 
paired cardiac primordia progresses caudally. Other points of sig- 
nificance can be gleaned from microscopic observation of the charac- 
ter of the heart beats, and from experiments in Avhich the heart is 
transected at various leAmls. 

When compared Avith earlier stages, the heart at the stage AAdien 
this deflection first begins to appear in the electrical records can be 
seen to have increased its rate, and it Avill be noted that the individual 
beats start off decidedly more abruptly. Morphologically, the heart, 
during this period, has groAvn in length as fusion of the paired 
primordia progresses. As the more posterior parts of the cardiac 
primordia are added to the groAving cardiac tube they seem to be 
bringing in muscular tissue Avith a higher intrinsic contraction rate 
than that possessed by the muscle in the more anterior parts of the 
heart previously formed. This is suggested both by the rate increase 
Avliich occurs as the heart elongates, and by the fact that the beat 
becomes more definitely peristaltoid in character Avith its incipience 
unmistakably in the posterior part of the heart. The differences in 
intrinsic contraction rate can be clearly demonstrated by transection 
experiments. Cuts made in the region Avhich is destined to be the 
atrioventricular junction seem to yield the sharpest differences in 
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rate, but regional boundaries are as yet only vaguely suggested and it 
should not be inferred that there is necessarily any precise level at 
which there is an abrupt change in inherent contraction rate. What- 
ever future work may show as to the exact location, and the abrupt- 
ness of transition in rate, that a gradient in inherent contraction rate 
exists is beyond doubt. It has been repeatedly demonstrated by cut- 
ting experiments (Fano and Badano, 27 1890; Lewis, 28 1924; Patten 
and Kramer, 21 1933 ; Paff, 20 1935) and by physiologic separation of 
different areas of the cardiac tube by compression (Pickering, 30 1893 ; 
Johnstone, 31 1924). In the light of such experiments we must con- 
clude that one of the most significant things happening at this stage 
of heart development is the incorporation into the posterior end of 
the growing cardiac tube of progressively more tissue with a higher 
intrinsic contraction rate. As one might expect, the region with the 
highest contraction rate sets the pace for the heart as a whole. This can 
be demonstrated, as was done by Paff 29 (1935), by growing the severed 
parts of a heart in close proximity to each other in culture media and 
watching the more rapidly beating posterior fragment assume control 
of the slower beating anterior fragment when a bridge of tissue grows 
across the cut and places the two pieces again in physiologic con- 
tinuity. Such an experiment complements beautifully those already 
discussed in which we have seen the ventricle, when severed from the 
more posterior part of the heart, revert to the slow nonperistaltoid 
beat which was characteristic for that region when it was the only 
part of the heart which had been differentiated and had become active. 

Applied to the interpretation of the electrical records reproduced 
in Figs. 4 and 5, these considerations have led us to conclude that both 
are records of beats which are still essentially ventricular, although 
at slightly different developmental phases. The appearance of the 
sharp downward deflection in the record from the older embryo which 
was absent in that of the younger we would attribute to the incorpo- 
ration into the cardiac tube of enough new tissue of higher intrinsic 
contraction rate to increase the pace of the heart as a whole and to 
start the contractions off “with a sharp kick.” With regional bound- 
aries as vague as tliej' are in such young hearts, it woidd be unwise to 
attempt to make any too dogmatic statements as to just how this 
tissue of higher rhythmieitv is disposed with reference to the bound- 
aries which will later be established between atrium and ventricle. 
The two regions are still at this stage directly continuous, and what 
little of the future atrial region is formed may well be acting physio- 
logically with the ventricle. In any case there is at this stage so little 
of the sinoatrial portion of the heart formed and active that one can 
scarcely regard the action currents obtained as anything else than 
essentially ventricular. 
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The next significant change in the character of the records appeared 
in chicks of about 42 to 44 hours of incubation (twenty somites). At 
this stage of development fusion of the paired cardiac primordia has 
progressed caudad to such an extent that the atrial region of the heart 
is well established and the sinus venosus is just beginning to take 
shape (Fig. 2 C). Records at this stage (Fig. 6) show a. small down- 
ward deflection coming about two twenty-fifths of a second ahead of the 
QRS waves. This we believe to be the first appearance of the P-wave. 
The fact that it is at this stage inverted seems in accord with the fact 
that the sinoatrial region is still the most posterior part of the heart, 
so that the impulse is passing toward, rather than away from, the 
cephalic (right-hand) electrode. 



Fig. 6. — Tracing- from 20-somite chick (No. S6, ‘‘incubation age” ± 42 hours). 
Capillary glass electrodes, cliloridized silver wire embedded in saline-agar gel. Cali- 
bration: 50 microvolts = 10 mm. 


Between 44 and (10 hours of incubation the configuration of the 
chick heart is changing exceedingly rapidly. The sinus venosus is 
definitely formed during this period and the ventricular loop is car- 
ried backward into its definitive position posterior to the atrium (Fig. 
2, C and D). During the early part of this period the P-wave is likely 
to start with a downward throw just as it did when it made its first 
appearance, but it may end with an excursion aboi r e the isoelectric 
line (Fig. 7). A little later it may be almost unrecognizable (Fig. 8), 
and still later be entirely an upward throw as it is in the adult (Fig. 
9). It seems probable that this apparently erratic behavior of the 
P-wai'e can be explained, at least in part, on the basis of the posi- 
tional changes which are occurring in the heart. At the beginning of 
this period the beat is starting in the posterior atrial region where 
the sinus venosus is just beginning to take shape. This is, at this time, 
the most posterior part of the heart, and an impulse starting there 
must pass forward into the atrium and thus might be expected to 
produce an initial downward deflection in the records. The fact that 
the ventricular end of the atrium at this stage is bent more or less 




484 


THE AMERICAN HEART JOURNAL 


backward, along with the ventricle, might possibly be the reason for 
the terminal upAvard deflection seen in the P-Avave of Pig. 7. 

The flattening out of the P-Avave in Pig. 8 might be accounted for 
by the fact that Avith the heart in this stage of loop formation the 
sinus is becoming more dorsally located Avhile the ventricle projects 
ventralty. An impulse starting in the sinus and going tOAvard the. 
ventricle Avould be passing more or less at right angles to a line con- 
necting the electrodes and so produce little departure from the iso- 
electric line. PolloAA'ing similar reasoning, Avhen the ventricle has come 
to lie definitely caudal to the sinoatrial part of the heart, the progress 
of the impulse Avould be aAvay from the cephalic (right-hand) elec- 
trode and the P-AvaA^e should appear above the isoelectric line in its 
characteristic adult form, as was the case in the record reproduced 
in Pig. 9. It is quite possible, also, that the someAvliat more dorsal 
position of the cephalic electrode used in taking the record of Pig. 9, 
as compared Avitli that slioAvn in Pig. 8, may have helped to bring out 
a posit we P-AA r aA r e. 



bration: 50 microvolts = 15 mm. 

The rather startling upAvard deflection shown following the QRS 
complex in Pig. 9 is puzzling. It appeared quite conspicuously in most 
of the records taken in this general age range, but Avas not usually 
as strongly marked as in this record from chick number 69. Other 
than the quite obvious fact that it looks like an exaggerated T-AA 7 ave, 
AA r e haA^e no suggestion as to its interpretation. 

During the fourth day of incubation the electrocardiogram settles 
into a pattern Avhich is remarkably like that of the adult (Pig- 10). 
At this stage of development no nerve connections have been made 
Avith the heart. In a careful study of serial sections, the nearest to 
the heart that any migrating neuroblasts were found Avas in the loose 
mesenchymal tissue around the dorsal aortic roots. This tends to con- 
firm the opinion of His 32 (1891) that it is certainly not before the end 
of the fifth or the beginning of the sixth day that the innervation of 
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Figr. 8. — Tracing- from 31-somite chick (No. GS, “incubation age” ± 61 hours) 
Platinized platinum electrodes. Calibration: 50 microvolts = 12 mm. 
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Fig. 9. — Tracing from 29-somite chick (No. 69, “incubation age” ± 58 hours). 
Platinized platinum electrodes. Calibration: 50 microvolts = 12 mm. Although this 
embryo had fewer somites than No. 68, its heart is definitely further advanced in 
the process of loop formation. Such variability in the relative rates at which em- 
bryonic structures differentiate is quite common and frequently necessitates, as in 
this case, an arbitrary sequencing on the basis of the rate of progress in the organ 
under special consideration. 






Fig-. 10. — Tracing: from four-day chick embryo (No. 66). Platinized platinum elec 
trodes. Calibration: 50 microvolts = 11 mm. 












486 


THE AMERICAS’ HEART JOURNAL 


the heart is established. Throughout the period covered by the records 
here presented, therefore, the question of nervous control cannot be 
raised. 

It is of interest, also, that even in the four-day chick heart, which 
shows a definite atrioventricular sulcus, there has been no separation 
of atrial and ventricular musculature by ingrowth of connective tissue. 
It is this secondary ingrowth of connective tissue which, by separating 
(except for a narrowed bridge in the position of the main His bundle) 
the hitherto continuous muscle of atrium and ventricle, first makes 
the sino ventricular conduction system identifiable (His, 33 1933). It 
should be emphasized, moreover, that such an identification on the 
basis of topography can be made a considerable time before it is pos- 
sible to differentiate the conduction bundle histologically from the 
rest of the cardiac muscle. In these experiments, therefore, we have 
been dealing with hearts in which no nerve connections have been 
established, and the conduction system as ive know it in the later 
stages of the embryo and in the adult has not yet taken shape. 

SUMMARY 

With the aid of three-stage amplification, electrocardiographic rec- 
ords were made from chick embryos during the early stages of heart 
development. The youngest embryo from which records were obtained 
successfully was a fifteen-somite chick. At this stage, which is 
reached on the average with about 33 to 36 hours of incubation, the 
nearly straight tubular heart consists almost entirely of ventricle. The 
electrical record obtained from it shows none of the deflections char- 
acteristic of the adult electrocardiogram, but takes the form of a curve 
which first drops below, and then rises above, the isoelectric line. This 
configuration is consistent with the posteroanterior direction of the 
progress of contraction shown by superimposed tracings of successive 
frames from mieromoving pictures of the heart action at this stage. 

Slightly older embryos (sixteen to seventeen somites, average in- 
cubation age 37 to 40 hours) yield a record in which there appears a 
sharp downward deflection, followed by a rapid return to, or above, 
the isoelectric line. Because of its characteristic configuration and 
because morphologic studies indicate that the embryonic heart at this 
stage is practically all ventricle, we interpret this as representing the 
QRS complex. 

In the next three or four hours of development, fusion of the cardiac 
primordia progresses eaudally, so that the atrial region becomes defi- 
nitely differentiated and the sinus venosus begins to take shape poste- 
rior to the atrium. Records from embryos in this age range show the 
appearance of a downward deflection coming about two twenty-fifths 
of a second ahead of the QRS complex. This we interpret as an in- 
verted P-wave. 
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During tlie next clay of development the ventricular loop is bent 
backward so that it comes to be in its adult, position caudal to the 
sinoatrial part of the heart. With this shift in relative positions the 
P-wave appears above the isoelectric line. Thus by the fourth day of 
development the electrocardiogram has assumed practically its adult 
configuration. 

It is to be emphasized that not even wandering neuroblasts reach 
the heart until considerably later in development than the age range 
covered in these experiments. Furthermore, “conduction tissue” is 
not at these ages histologically distinguishable from the remainder of 
the cardiac muscle. Thus we can trace the appearance of all the major 
features of the adult electrocardiographic pattern in embryonic hearts 
so young that they completely lack either a nerve supply or a special- 
ized sinoventricular conduction system. 
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TETRALOGY OF FALLOT : CORRELATION OF CLINICAL, 
ROENTGENOLOGIC, AND POST-MORTEM FINDINGS 

Joseph A. Pescatore, M.D., Joseph B. Wolffe, M.D., 
and Victor A. Digilio, M.D. 

Philadelphia, Pa. 

A TRUE case of tetralogy, as described by Fallot, 1 includes the fol- 
lowing: (1) stenosis of the pulmonary artery, (2) enlarged and 
hypertrophied right ventricle, (3) displaced aorta, and (4) interven- 
tricular septal defect. The following case is a typical illustration of the 
tetralogy of Fallot and offered an opportunity to study the relationship 
of the chambers and great vessels to one another and to the chest wall. 

J. B., a man 20 years old, died of septic endocarditis complicating the tetralogy 
of Fallot. This patient had been under the care of one of us (J. B. W.) for many 
years. In the summer of 1933 lie developed a septic endocarditis, which was the 
cause of his death in September of the same year. 

A roentgenogram taken three years before death (Fig. 1) reveals the typical 
cardiac silhouette usually seen in these cases, with blunting of the apex and a 
roughly rectangular heart. 

We were interested in ascertaining what anatomic structures were responsible in 
our case for the typical cardiac silhouette, and therefore an autopsy was performed 
in the following manner: On opening the chest by removing the sternum and 
ribs, the size, shape, and position of the heart and its anatomic relation to the 
lungs were carefully studied. These organs, together with the liver, were removed 
in toto, and were arranged on the x-ray table in exactly the same anatomic relation- 
ship which they had occupied in the body. A cannula was inserted into the superior 
vena cava and tied to prevent leakage. A large metal syringe filled with barium 
emulsion was then connected to this cannula and the barium slowly injected until 
the right auricle was completely filled (seen fluoroscopically). A roentgenogram 
(Fig. 2) showed complete filling of the right auricle, with some of the barium going 
through the tricuspid opening. The valve and trabeculae carneae are also visualized. 
This roentgenogram definitely shows that the right auricle forms the right border 
of the heart and a goodly portion of its anterior surface. In addition, the inferior 
vena cava, with its contributing branches, is seen coming from the liver and emptying 
into the right auricle. 

The injection of barium was continued and another roentgenogram taken (Fig. 3). 
It reveals partial filling of the right ventricle, with some of the barium going into 
the aorta; as expected, marked narrowing of the pulmonary artery is very evident. 

Again we continued the injection of barium until we completely filled the right 
ventricle (Fig. 4). Here we can see that the anterior surface of the heart is formed 
almost completely by the right auricle and right ventricle, while only a very small 
portion of the left ventricle can be seen. The apex is blunted and is formed com- 
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pletely by the right ventricle, instead of the left, as in normal hearts. Again the 
marked stenosis of the pulmonary artery is very evident and the aorta contains more 
barium. After roentgenograms of the right heart were taken, the organ was washed 
out as well as possible and a hypodermic needle substituted for the cannula (superior 
vena cava) as a landmark. The cannula was then inserted into one of the pulmonary 
veins and another roentgenogram taken (Fig. 5). The barium-filled sjwinge was con- 
nected to the cannula and the material slowly injected until the left auricle was 


Fig-. 1. Fig. 2. 



Fig. 3. Fig. 4 . 


filled (Fig. G). This roentgenogram shows the filled-out left auricle with some of 
the material going through the mitral opening into the left ventricle, and some going 
through to the aorta. The pulmonary and hepatic arterial trees are also shown. 
If Fig. 2 be superimposed upon Fig. (i, it will be seen that the left auricle occupies 
a position posterior and somewhat medial to the right auricle. The injection of 
barium was then continued until the left ventricle was completely filled (Fig. 7). 
This roentgenogram shows that the left ventricle lies almost entirely behind and is 
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small as compared to the right ventricle. It is also very interesting to note that, 
although there exists an opening in the membranous portion of the interventricular 
septum, the barium fails to go into the right ventricle. It may be possible that 
nature prevents the blood from going from the left to the right ventricle by develop- 
ing the moderator band, which may act as a. valve in closing off the septal opening 


Fig-. 5. Fig. 6. 



Fig. 7. Fig. S. 


during cardiac systole. The barium was then forced in under great pressure and 
Fig. 8 taken. This shows that under pressure the barium finally went through the 
interventricular opening into the right ventricle, and then into the pulmonary 
artery. Next, the heart was dissected and washed and a window cut into the right 
ventricle (Fig. 9). This shows the enlarged right ventricle with its hypertrophied 
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Fig. 9. 



Fig. 10. 


walls and, in addition, the interventricular opening with the displaced aorta and 
stenosed pulmonary artery. A window was then cut into the left ventricle (Fig. 10), 
showing the small size of this chamber as compared to a normal one; a probe which 
is running through the interventricular opening is also seen. Finally, a drawing 
of the anterior aspect of the heart was made in such a way that the picture was a 
trifle smaller than the original. This was then superimposed on a roentgenogram 
taken ante mortem (Fig. 11), in order to show the reason for the typical silhouette 
and the position of the various chambers. 

COMMENT 

From a diagnostic point of view, Blackford 2 stresses the rectangular 
appearance of the heart and its increased transverse diameter. He also 
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points out that the apex of the heart is formed entirely by the right 
ventricle, instead of by the left, as is the case in the normal heart. These 
observations deserve emphasis as an aid in the diagnosis of this condition. 
We attach significance to the blunted appearance of the apex roentgeno- 
graphically. 

Popp 3 establishes the following criteria for the roentgenologic diag- 
nosis of tetralogy of Fallot: (1) Absence of the pulmonic conus as a sign 
of hypoplasia of the pulmonary artery; (2) deviation of the vascular 
pedicle to the right — aorta du cheval; (3) masking of the aorta by the 
ti’achea in the right anterior oblique position, and (4) crossing of the 
aorta by the right bronchus. 

Abbott, 4 largely on the basis of the studies by Sir Arthur Keith, 
ascribes the lesions of the tetralogy of Fallot to an arrest of development 
of the cardiac apparatus before the eighth week of embryonic life. 

CONCLUSION 

We have presented a ease of tetralogy of Fallot, and have endeavored 
to show which anatomic structures are responsible for the typical cardiac 
silhouette. 
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MERCURIAL DIURETICS IN CARDIAC FAILURE 
Report of a Case in Which Three Hundred Forty-Three 
Injections Were Given* 

a M. H. Fineberg, M.D. 

Cleveland, Ohio 

D E CAUSE there is still some fear in the minds of practitioners re- 
•L' garding the possibility that repeated injections of mercurial 
diuretics may'Iiave deleterious effects, I am reporting the following 
case of a patieilt who received 343 injections of salyrgan and mer- 
cupurin over a period of seven and a half years without evidence of 
any harmful effect. 

Dixson 1 reported a ease in which 150 injections were given ; Max- 
well, Scott, and— Harvey 2 reported one in which 198 were given; 
Levine 3 reported one in which 250 were given ; and Wiseman 4 reported 
another in which 270 were given. 

REPORT OF CASE 

L. K., a white man 48 years old, was admitted to Mt. Sinai Hospital Sept. 2, 
1930, as a private patient of Dr. Harry J. Kumin, and then transferred to the 
Medical Service of Dr. Samuel S. Berger. On admission the patient presented the 
typical clinical and electrocardiographic ‘findings of acute coronary occlusion. In 
February, 1931, he was admitted to the Cardiac Clinic with signs of congestive 
failure, and he continued to have more or less cardiac failure from this time until 
his death on April 20, 1938. During this period the patient was admitted to the 
hospital eight times for increasing degrees of failure; several of the exacerbations 
were thought to be due to fresh coronary occlusions. 

During the period from October, 1930, to April, 1938, this patient received a total 
of 343 injections of salyrgan and mercupurin in doses varying from 2 to 4 c.c. The 
injections were given intravenously until obliteration of all accessible veins forced 
us to use the intramuscular route. The response to these mercurial diuretics re- 
mained good throughout, and attempts to discontinue their use were attended with 
such an increase of the edema and visceral congestion that the patient would 
literally beg for the injections (unpleasant as they were after they had to be given 
intramuscularly) . 

In addition to the above, the patient was kept on a maintenance dose of digitalis, 
and the action of the mercurial diuretics was augmented at different times by the 
administration of ammonium chloride, ammonium nitrate, potassium chloride, and 
aminophyllin. 

The urine contained small amounts of albumin throughout, with casts oc- 
casionally. On Nov. 19, 1936, the nonprotein nitrogen of the blood was 38 mg. per 
100 c.c., and the creatinine 1.6 mg. per 100 c.c. Unfortunately, the obliteration of 
the patient’s veins by the frequent mercurial injections made it impossible to ob- 
tain further samples of blood for chemical examination. However, examination 
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of the urine a short time before death (March 21, 1938) showed only a trace of 
albumin and a few leucocytes. 

The patient died suddenly at home, and permission for an autopsy could not be 
obtained. 

SUMMARY 

A case is reported of a patient who received 343 injections of salyrgan 
and mercupurin over a period of seven and a half years without any 
deleterious effect. 
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FATAL HEMORRHAGE FROM A PERSISTENT RIGHT DORSAL 
AORTA TERMINATING IN THE LOWER. LOBE 
OF THE RIGHT LUNG 


William E. Goodpastor, M.D.* 

Pittsburgh, Pa. 

A NOMALOUS branches of the descending aorta arising in the im- 
L mediate proximity of the diaphragm are apparently rare. In a 
search of the literature no report of an aortic branch similar to that 
described below was found. 

The ease considered is that of a child who died of pulmonary hem- 
orrhage from an anomalous branch of the aorta. The artery arose 
from the abdominal aorta immediately below the diaphragm and termi- 
nated in the inferior portion of the lower lobe of the right lung. 

report op case 

The essential history is that of repeated pulmonary hemorrhages occurring 
in a 10-year-old male negro over a period of two years. For this reason the child 
was admitted to the Children’s Hospital of Pittsburgh on Oct. 20, 1937, and 
again on Nov. 18, 1937. The hemorrhages recurred at intervals of from two weeks 
to two months. Occasionally they occurred during sleep, and at other times ap- 
peared to have been precipitated by excitement or physical exertion. The amount 
of blood lost each time varied from approximately 200 to 400 c.c. There were no 
significant abnormal physical findings other than those indicating consolidation of 
the lower lobe of the right lung and secondary anemia. The roentgenogram 
showed a large area of consolidation below the hilum of the right lung. A severe 
secondary anemia was present. On the first admission examination of the blood 
gave the following results: hemoglobin 34 per cent; red blood cells 1,950,000; 
white blood cells 8,600; neutrophiles S2 per cent; lymphocytes 18 per cent; reticu- 
locytes 0.9 per cent. A moderate amount of anisocytosis and poikiloeytosis was 
present. Frequent transfusions diminished the degree of the anemia. The tem- 
perature remained at about 99° F. The pulse rate varied between 90 and 105; 
this tachycardia was probably due to the secondary anemia. 

The history, physical findings, roentgenogram, negative tuberculin test, negative 
blood Kahn reaction, and anemia suggested as possible primary diagnoses lung 
abscess, bronchiectasis, or a growth obstructing a bronchus. 

Death finally resulted from a massive hemorrhage. Autopsy showed that 
death was caused by rupture of an anomalous branch of the aorta within the 
lower lobe of the right lung, followed by aspiration of blood into the alveoli. 

Autopsy Findings . — The only significant pathologic changes found at autopsy 
were confined to the chest. The pericardial sac was somewhat dilated and contained 
150 c.c. (estimated) of clear straw-colored fluid. The heart was somewhat dilated 
with respect to all its chambers. It measured II by 7 by 5 cm. and weighed 207 gm. 
The cut surface of the cardiac muscle was of a dusky-red hue. The mitral orifice 
measured 7.5 cm. in circumference, the tricuspid 9 cm. Both easily admitted the 
index finger. The aortic ring measured 5.5 cm., the pulmonary 6 cm., in circum- 
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ference. The valves contained the normal number of leaflets, and there was no 
evidence of vegetations or of any sclerosis. The common carotid and subclavian ar- 
teries seemed slightly larger than normal. The ductus arteriosus and foramen ovale 
were closed. Upon dissecting out the descending aorta, a large branch, measuring 
1.0 cm. in diameter, was found arising from the right side, just posterior and in- 
ferior to the diaphragm. This branch coursed almost vertically upward to enter 
the diaphragmatic surface of the lower lobe of the right lung near its posterior mar- 
gin. Within the lower posterior portion of this lobe there was a firm mass about 4 cm. 



Fig. 1. — Photograph showing heart and anomalous artery leaving the descending 
aorta and entering the inferior surface of lower right lung lobe. The relative position 
of the lung has been disturbed in order to show the manner of entrance of the 
anomalous artery. Note the vessel does not enter at the hilum. 

in diameter which was dark red in color. The anomalous vessel described above en- 
tered the inferior surface of this mass. Upon longitudinal section of this vessel it was 
found that it terminated within the middle of the mass as a network of rather large- 
calibered vessels, which apparently ended blindly. The lumina of these vessels were 
filled, in many instances, with organized clot. The vessels lay in close relationship 
with the bronchioles. No direct communication between vessel and bronchiole was 
found, although such a communication must have existed. The apex of the left lung 
was attached to the parietal pleura by fibrous adhesions. Throughout the left lung 
and the upper and middle lobes of the right lung there were scattered hemorrhagic 
areas, measuring about 1 cm. in diameter, which were fairly uniformly distributed. 
The cut surface showed that the alveoli were filled with blood. Microscopic examina- 
tion showed that the main pathologic changes were in the lungs. In some areas the 
alveoli were filled with blood; in others there was compensatory emphysema. In 
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the blood-filled alveoli there were numerous large macrophages which contained 
blood pigment and particles of carbon. A few similar macrophages were found in 
the bronchioles. The alveolar walls of the air-containing sections were thickened 
because of the presence of congested capillaries, small round cells, and a few neutro- 
pliiles. The anomalous artery showed some early atheromatous changes in the 
deeper layers of the intima. 


DISCUSSION 

Two possibilities as to the developmental origin of this vessel have 
been considered. The first is that this anomaly may have arisen from 
the distal portion of a persistent right dorsal aorta. The second pos- 
sibility is that this anomaly may have originated from the persistence 
of both the right dorsal aorta and one of several of its branches. These 
branches include the dorsal part of the sixth (pulmonary) arch and 
a series of branches of the right dorsal aorta which arise caudad to 
the sixth arch and enter a capillary network in the developing lung. 

Orientation with respect to the anlage of the anomaly may be ob- 
tained by a brief review of some features of the development of the 
aortic arch system. Early in development there exists an arterial 
trunk, or sac, located ventrally in the embryo. Prom this trunk there 
proceed two vessels which arch dorsally and then extend caudad. 
These two vessels are the right and left dorsal aortas (Pig. 2). The 
left dorsal aorta forms the greater part of the descending aorta of 
the adult. The right and left fuse for some distance at their caudal 
extremities (Pig. 2). The unfused portion of the right aorta, distal 
to the final origin of the right subclavian artery, normally becomes 
obliterated 1, 2 (Pig. 2). 

This anomaly may be ascribed to failure of tlie above-mentioned 
obliteration of the right aorta to occur. Normally the caudal portions 
of the two dorsal aortas fuse as a result of an initial connection by 
transverse capillary anastomoses between the two vessels. 2 The high- 
est cranial level at which the two paired aortas fuse and then proceed 
as one vessel is known as the region of bifurcation 1 (Pig. 2). It is at 
this level that the vessel in the case here reported should have arisen. 
In attempting to place the ultimate level of the region of the bifurca- 
tion of the aorta in the human embryo, Congdon 2 says: “It is probable 
that a rather common type of anomalous subclavian described in the 
adult indicates roughly by its origin the ultimate position of the region 
corresponding to the former bifurcation.” These anomalous sub- 
clavians are associated with a failure of the caudal part of the paired 
right aortas to become obliterated. 1 ’ 2> 3 In this respect their origin 
is similar to the vessel under discussion. According to Congdon 2 
“(Abnormal) subclavians of this kind are found in the adult arising 
from the termination of the arch or the aorta as far caudal as the 
fifth thoracic vertebra. Since the subclavian and other branches of 



GOODPASTOR : FATAL HEMORRHAGE 


499 


tlie arch shift eranialty upon it (the aorta), there is a possibility that 
the aortic wall derived from the earlier region of the bifurcation lies 
still lower. ” 

It is unfortunate that at the time of autopsy we did not accurately 
determine the vertebral level of the origin of the anomalous vessel. 
Roughly, however, it arose at the level of the second or third lumbar 
vertebra. This level, then, is in harmony with Congdon/s concept 
that at some time the level of the bifurcation of the aorta lies lower 
than the fifth thoracic. 

It seems probable that the network of vessels within the lung tissue 
had its origin in the postbrancliial pulmonary plexus (Fig. 3) which 
had maintained connection with the persistent right dorsal aorta by 
one of its several branches. These branches include the dorsal root 
of the right sixth arch (Figs. 2 and 3) and a series of six additional 
branches which in the embryo are found arising from the dorsal aorta 
caudad to the sixth arch (Fig. 3). 



(1 tmv\> 



1 3 hi m. 



Fig. 2. — From Congdon, E. D. : Contributions to Embryology, Carnegie Institute 
of Washington Publication No. 14, 47, 1922 (slightly modified). Ventral views of 
aortic arch system, showing successive developmental stages in human embryo : 1, 
right dorsal aorta ; Z, left dorsal aorta, the descending aorta in the 1G mm. embryo ; 
3, fused portion of right and left dorsal aortas ; the obliterated right dorsal aorta, 
the probable origin of the anomalous vessel here discussed ; 5, region of bifurcation of 
the aorta placed at the level of the second or third lumbar vertebra in the case here 
considered ; 6, dorsal root of the sixth arch which becomes obliterated in process of 
normal development ; 7, pulmonary arteries ; S, subclavian arteries ; 9, fourth right 
arch; 10, ascending aorta. 


The embryology of the sixth arch and the aortic branches which 
enter the pulmonary plexus may be summarized briefly as follows : 
In the embryo the ventral arterial trunk and the two dorsal aortas 
are connected by a series of paired arches. Bach arch, with the ex- 
ception of the transient fifth, contributes in part to the adult arterial 
system. It is with the sixth that the discussion here is concerned. The 
sixth arch is tapped on either side by a branch from the pulmonary 
plexus of vessels. 4 ’ 5 These branches develop into the pulmonary 
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arteries. The part of the left sixth arch distal to the origin of the 
branch forms the ductus arteriosus, later the ligamentum arteriosus. 
The corresponding distal part of the right sixth arch becomes oblit- 
erated entirely in normal development (Fig. 2). Failure of this por- 
tion to become obliterated and a persistence of its connection with 
the right dorsal aorta is therefore ventured as one explanation for the 
peculiar pulmonary termination found in this case. 



Fig. 3. — From Huntington. G. S. : The Anatomical Record 17: 1G5, 1919-20 (slightly 
modified). Right side of 4 mm. cat embryo: A, aorta; 1 to 6, aortic arches; 7 to 10, 
branches of the thoracic aorta entering postbranchial pulmonary plexus ; L, pulmonary 
anlage. 


With regard to the sixth arch and the other vessels which connect 
the aorta and pulmonary plexus in the embryo, Huntington 5 has the 
following to say; “The dorsal rudiment of the sixth arch arises from 
the dorsal aorta, extending craniad as a short spur. This I shall 
designate as the cranial member in a series of aortic derivatives 
which, inosculating in a capillary network, form what may be defined 
as the postbranchial pulmonary plexus (Fig. 3), in view of the part 

it takes in the development of the pulmonary artery The 

succeeding two components ( 7 , 8 ) follow in close proximity to 6, 

The ninth aortic derivative enters the plexus considerably 

further caudad ” Further dorsal aortic tributaries in the 

cat embryos described by Huntington numbered as many as twelve. Of 
older embryos Huntington 5 says: “The plexus as a whole is in the 
process of abandoning its primary multiple aortic connections and of 
transferring to the new line of the future pulmonary artery, initiated 
by its junction with the caudal spur from the ventral segment of the 
sixth arch.” A pei’sistence of one of these branches of the right dorsal 
aorta may offer a satisfactory explanation for the pulmonary termina- 
tion of the persistent right dorsal aorta. 
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SUMMARY 

A ease of an anomalous branch of the descending aorta arising be- 
low and close to the diaphragm has been described. Its probable origin 
as a persistence of a part of the right dorsal aorta or of this vessel 
together with one of its early pulmonary branches has been discussed. 

I wish to thank Dr. Maud L. Menten, Pathologist to the Children’s Hospital of 
Pittsburgh, for the privilege of presenting this ease and for the guidance which 
has made this discussion possible. Dr. Maude E. Abbott, in a personal com- 
munication with Dr. Menten, lias confirmed the concept that this anomalous 
vessel arose from the right dorsal aorta. 
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CONGENITAL ATRESIA OF THE AORTIC VALVE 
WITHOUT SEPTAL DEFECT 

Report of Case 

Stuart Lippincott, M.D., C.MA 
Montreal, Canada 

]Wf ANY slight developmental anomalies of the heart, such as a per- 
sistent foramen ovale or ductus arteriosus, are not associated with 
a definite clinical picture and are therefore of no particular practical 
interest. In these cases the cardiovascular changes which normally 
take place shortly before or after birth are delayed for a variable 
period. They represent, therefore, simply transient arrests in devel- 
opment. In contrast to this group, the following unusual ease is 
reported because it combines a number of true errors and defects in 
development of the heart and its great vessel attachments. The out- 
standing feature was complete atresia of the aortic valve with hypo- 
plasia of the ascending aorta. Only seven such cases have been col- 
lected in a review of the recent literature. An analysis of a total of 
4,364 post-mortem examinations performed at the McGill Pathological 
Institute from 1919 to 1933 disclosed thirty-five cases of congenital 
heart anomalies (Table I). In this series there were only two instances 
of complete aortic atresia, one of which is herewith recorded. 

Analysis of Thirty-Five Autopsy Cases of Congenital Heart Disease 


1. Defects of Interauricular Septum 

Patent foramen ovale 2 

2. Defects of Interventricular Septum 

At base without dextroposition C 

Defects elsewhere, or multiple 5 

3. Complete Defects of Cardiac Septa 

Cor triloculare biatriatum 2 

Cor biloculare 1 

4. Transposition of Arterial Trunks 

Complete transposition 

Closed interventricular septum 2 

Defect interventricular septum 1 

5. Pulmonary Atresia 

"With closed interventricular septum 1 

6. Aortic Stenosis and Atresia 

Aortic stenosis 4 

Aortic atresia 1 

7. Anomalies of Semilunar Cusps 

Bicuspid aortic valve 2 

Defect of aortic valve 1 

8. Tricuspid and Mitral Stenosis 

Mitral atresia 2 

9. Anomalies of Auriculoventricular Cusps 

Defect tricuspid valve 1 

10. Hypoplasia of Aorta 3 

11. Anomalies of Great Veins 

Pulmonary 1 

Total 35 


•From the Pathological Institute of McGill University, Montreal. Prof. Horst Oertcl, 
Director. 

Received for publication Oct. 5, 193S. 
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A satisfactoiy classification of congenital heart disease is difficult. 
This is not only because a great variety of anomalies may occur, but 
also because some are complicated by intrauterine infections. A classi- 
fication based on a correlation of the clinical and anatomic facts has 
been outlined by Abbott , 1 and this has been applied to the findings in 
this case. 

REPORT OF CASE 

Clinical Note . — The clinical course was very brief. The baby was delivered 
spontaneously; it was a breech presentation. The mother was a well, active 
woman, giving no history of infection. For the first three days following birth 
the baby was apparently normal, and then suddenly refused to nurse. He died 
seventj r -six hours after he was born. There was at no time any cyanosis or 
dyspnea. The physical examination revealed no murmur, thrill, or any other 
evidence of cardiac defect. The liver was palpable, but not the spleen. A lumbar 
puncture was performed and blood was found in the cerebrospinal fluid, but this 
blood was thought to have been introduced by the puncture. Adrenal hemorrhage 
was suspected as the cause of death. 

Abbreviated Protocol . — Case 17626, Autopsy No. 162-34. (The autopsy was per- 
formed forty-two hours post mortem.) The body was that of a large, well-nour- 
ished baby, 51 cm. long and weighing 3,640 gm. There was no edema. Post- 
mortem lividity was diffuse. The thorax was symmetrical and the abdomen 
rounded. The center of ossification was present in the lower end of both femurs. 

On opening the thorax, the transverse diameter of the precordium measured 
6 cm. and that of the pericardium 7.5 cm. The thymus was large, pinkish-red, 
lobulated, and contained scattered petechiae. The trachea contained a small 
amount of curd. The lungs were of usual size, shape, and consistency. They were 
smooth, glistening, crepitant, elastic, and pinkish-red, both on pleural and cut 
surfaces. The bronchi were free, with light red mucosa. These represent normal 
findings for this age. The heart is subsequently described in detail. 

On opening the abdomen, the subcutaneous fat was 1 cm. thick. The liver was 
4 cm. below the costal angle, 5 cm. below the right costal, and 2 cm. below the 
left costal margin, in the midclavicular line. The diaphragm extended to the 
fourth intercostal space on both sides. The spleen weighed 20 gm.; its capsule 
was smooth and glistening and it was dark red. The cut surface showed gray, 
prominent, lymph follicles surrounding the dark red hemorrhagic pulp. The kid- 
neys weighed 20 gm. each and were similar. The capsule stripped readily, re- 
vealing a red, smooth surface with fetal lobulations. The cut surface showed a 
pale red cortex with darker medulla, each in normal relation. The bladder was 
empty; its mucosa was smooth and white. The testes were normal. The stomach 
and large and small intestines had an intact, pale gray mucosa. The pancreas 
showed no anatomic lesion, and the adrenals were markedly autolyzed. The liver 
weighed 170 gm.; its capsule was smooth and glistening, and it was dark reddish- 
brown with large intermingled white to yellow patches. Its thin margins were 
rounded. The cut surface was brown, with similar indistinct yellow and red mot- 
tled areas. The brain weighed 450 gm. On section, after formalin fixation, it 
showed no anatomic lesion. The middle and internal ears were intact and free 
of gross exudate. 

Heart . — The pericardium was smooth and glistening. The weight of the heart 
was not obtainable because of its attachment to the other thoracic structures. 
The myocardium was firm and reddish brown. In situ, the right auricle appeared 
dilated and hypertrophied, with a notably dilated auricular cavity. The septal, 
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marginal, and infundibular cusps of the tricuspid valve were well formed and not 
thickened. The valve measured a cm. in circumference. The patent foramen 
ovale measured 1 cm. in diameter. The right ventricle was also dilated. It oc- 
cupied the whole apex and measured I cm. in thickness. The column no carneae 
were large, producing a marked fenestration of the wall of the chamber. The 
papillary muscles were hypertrophied. The pulmonary valve was intact and its 
sinus appeared dilated. The pulmonary artery was large, thick-walled, 3 cm. 
in circumference, and definitely dilated. The ductus arteriosus was widely patent, 
measuring 1.3 cm. in circumference, and was definitely dilated; it entered the 
aorta in its usual position. 

The left auricle was small. The intima was smooth, pale gray and appeared 
thickened; a single pulmonary vein entered it on either side. The mitral valve 
was very hypoplastic and was 1 cm. in diameter. There was complete fusion of 
the leaflets, forming an irregular, pale gray thickening, covered with numerous 
granular, smooth, gray, pinhead elevations. The chordae tendineae were well 
defined, very delicate, and inserted directly into the myocardium, except for a 
rudimentary papillary muscle attached to the chordae of the posterior leaflet. The 
left ventricle formed a round cavity about 1.2 cm. in diameter, having a smooth, 
pearly-gray endocardial surface and a wall S mm. thick. The aortic valve was 
represented only by a dimpling at the base of this cavity, indicating the complete 
aortic atresia. The ascending aorta extended directly upward for 2.4 cm. as a 
thin, well-formed, but hypoplastic artery, only 4 mm. in circumference. It was 
continuous with the innominate artepy, which was sliglitlj- larger than the aorta 
and much thicker-walled. The arch branched directly to the left, giving off 
normal-appearing left common carotid and subclavian branches. 

The coronary arteries came off at the usual places. The left descending 
coronary artery extended down the left side of the interventricular septum, and 
the right appeared to anastomose with it on the opposite side. The apex of the 
very small left ventricle was situated 2.2 centimeters above the .apex of the heart, 
which was therefore formed completely by the right ventricle. 

Histologic Examination . — The right ventricle of the heart showed slight hyper- 
trophy of the muscle fibers, with a thin endocardium. The left ventricle showed a 
hyaline, fibrous tissue thickening of the endocardium, with no cellular exudate. This 
fibrous tissue tended to surround the small vessels in the adjacent half of the myo- 
cardium and represented a sclerosing productive endocarditis which extended slightly 
into the adjacent myocardium. The sections of all other organs showed no anatomic 
lesion. 

Anatomic Diagnosis . — Hypertrophy and dilatation of the right heart; patent 
ductus arteriosus and foramen ovale; hypoplasia of the left auricle and ventricle; 
hypoplasia of the mitral valve; complete atresia of the aortic valve and hypoplasia 
of the ascending aorta; productive endocarditis involving the entire left ventricle. 

DISCUSSION 

The appearance of the heart suggested that the anomalies might 
have been caused by a deviation to the left in the growth and fusion 
of the interventricular septum with the structures at the base. The 
right auricle and ventricle were therefore largely responsible for main- 
taining the systemic fetal circulation through the patent ductus and 
foramen ovale. Compensatory hypertrophy and dilatation of these 
chambers were the inevitable result. 
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In the normal course of the fetal circulation, the oxygenated blood 
from the placenta passes by the umbilical vein partly into the hepatic 
circulation, and the rest, by means of the ductus A r enosus, into the 
inferior vena cava and thence into the right auricle. The patent 
foramen ovale then allows the blood to flow successively into the left 
auricle and ventricle, whence it is propelled into the aorta. The blood 
from the superior vena cava passes through the right auricle into the 
right ventricle and thence by the ductus arteriosus into the aorta 
bejmnd the origin of the left subclavian artery. A small quantity also 
goes through the pulmonary artery. Normally, the ductus arteriosus 
closes soon after birth, and somewhat later a velum closes the foramen 
ovale. 

Frequently, in atresia of the aortic valve, there is an associated 
anomaly (such as a septal defect), together with a widely patent 
ductus arteriosus. The latter occurred in this case, but there was no 
auricular or ventricular septal defect. It is also common in this group 
of defects which cause cyanosis to find the most severe type of con- 
genital lesion. This results from the fact that there is no satisfactory 
collateral circulation except through the patent ductus arteriosus. 
Consequently, it is usual to find clinical evidences of marked cyanosis 
and a very considerable degree of dyspnea. However, in this case 
these features were entirely absent. 

To understand why no cyanosis nor dyspnea appeared, it is neces- 
sary to visualize the exact method of circulation in this case. The 
oxygenated blood did, as in the normal fetal circulation, reach the left 
auricle and then proceed into the left ventricle. It could not be 
pumped by the left ventricle into the aorta because the valve of the 
latter was completely occluded. Actually, an eddy was probably set 
up and the blood swirled around in the left ventricle and back into 
the left auricle. Here some blood may, by back pressure, have been 
forced into the pulmonary veins. Thus the oxygenated blood that 
normally passes through the foramen ovale from the right auricle into 
the left heart and then into the aorta was in this case prevented from 
so doing by the atretic aortic valve. Hence the left heart was only 
a blind pocket which received a small current of blood, and the left 
ventricular systole prevented stasis and subsequent thrombus formation. 

The oxygenated blood from the inferior vena cava had to mix with 
the more venous blood of the superior vena cava, which also entered 
the right auricle. The mixture passed into the right ventricle and on 
through the ductus arteriosus into the arch of the aorta and systemic 
circulation. It is to be assumed that this free mixing of the arterial 
and venous blood accounted for the absence of cyanosis. The aortic 
valve lesion cannot be regarded as the result of an acquired infection, 
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SUMMARY 

These are the features of the ease: 

1. Congenital atresia of the aortic valve, which was a developmental 
defect of unknown etiology. 

2. Complete absence of clinical signs of congenital heart disease. 

3. A hypoplastic left ventricle with an endocarditis throughout the 
chamber. 

4. Aortic atresia, shown to be very rare in a series of thirty-five 
congenital heart anomalies collected at the McGill Pathological In- 
stitute. Aortic stenosis is far more common. Still more frecpient are 
interventricular septal defects, many of which are associated with 
incomplete rotation of the great vessels on the heart. 


REFERENCES 

1. Abbott, M. E. : Congenital Heart Disease, Reprinted from Nelson Looseleaf 

Medicine 4: 207, 1932. 

2. Chase, "W. H.: Persistent Cloaca and Tetralogy of Fallot, J. Tech. Methods, 

and Bull. Internat. Assoc. Med Museums 12: 162, 1929. 

3. Martens, G.: Zwei Falle von Aortenatresie, Virchows Arch. f. path. Anat. 

121: 322, 1890. 

4. Moore, C. U.: Report of a Case of Congenital Anomaly of the Heart — Rep- 

tilian, Heart 8: 297, 1921. 

5. Nelson, R.: Autopsy 60-32, Path. Records, Royal Victoria Hospital, 1932. 

6. Pliilpott, N. W.: Congenital Atresia of Aortic Ring, Ann. Int. Med. 2: 422, 

192S. 

7. Shapiro, P. F.: Truncus Sol'farius Pulmonalis, Arch. Path. 10: 671, 1930. 



Department of Reviews and Abstracts 


Selected Abstracts 


Gregg, Donald E., and Dewald, Donald: The Immediate Effects of the Occlusion 

of the Coronary Veins on the Dynamics of the Coronary Circulation. Am. J. 

Physiol. 124: 444, 1938. 

The phasic changes in venous pressure, peripheral coronary pressure, and 
arterial inflow in the heart have been studied by optical methods before and after 
acute cardiac venous ligation (eoronarj' sinus or great cardiac vein). 

The intravenous pressure rises from control values of about 30/2 mm. Hg to 
figures which during systole approach or exceed the aortic systolic and which rise 
in diastolic value to 20 to 40 mm. Hg. 

The peripheral coronary pressure, simultaneously recorded, is elevated in the 
left coronary in like degree and has a contour and time relation similar to the 
venous pressure, although its ordinate values are generally slight!}' less. Probable 
explanations for these changes in venous and peripheral coronary pressure are 
advanced. 

The arterial inflow into the left coronary is reduced considerably, while that 
into the right coronarj' is presumably not affected. Since, however, the left 
coronary inflow does not approach zero and the myocardium still contracts, it is 
believed that there are potent drainage channels still remaining. These are 
presumably venous, since if a left coronary ramus is now occluded the myocardium 
fails to contract even if the peripheral coronary is allowed to bleed. 

Since It has been found that acute cardiac venous ligation does not prevent 
failure of contraction in a myocardial area whose coronary has been ligated and 
does reduce materially the left coronary arterial inflow, such a procedure cannot 
be regarded as a method of choice for encouraging the blood supply to such a po- 
tentially infarcted area. 

Authors. 

Chen, K. K., Bobbins, E. Brown, and Worth, Harold: The Significance of Sugar 

Component in the Molecule of Cardiac Glycosides. J. Am. Pharm. A. 27: 189, 

1938. 

The potency of five cardiac aglyeones (strophanthidin, digoxigenin, digitoxigenin, 
calotropagenin and scillaridin A) has been carefully determined. 

Each aglycone is less powerful on the heart than its parent glycoside — more pro- 
nounced in frogs than in cats. If the aglycone undergoes chemical changes during 
hydrolysis, as in the case of scillaridin A and calotropagenin, the cardiac action is 
reduced much further. 

The emetic action of strophanthidin, digoxigenin and digitoxigenin, on the other 
hand, is greater than that of cymarin, digoxin and digitoxin, respectively, molecule 
for molecule. When the structure of the aglycone is modified during hydrolysis, such 
as calotropagenin, the emetic action is diminished, but not to the same extent as the 
cardiac action. 
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The persistence of action among the aglycones is slight; that is, they are all 
rapidly eliminated from the circulation. Tins is particularly true with digitoxigenin 
in contrast with digitoxin. 

Digitoxigenin caused a brief initial stimulation as manifested by convulsions, 
followed by marked depression of the central nervous system in cats and frogs. 
Digitoxin has no such action in corresponding doses. 

Authors. 

Stead, Eugene A., Jr., and Kunkel, Paul: A Plethysmographic Method for the 
Quantitative Measurement of the Blood Plow in the Foot. J. Clin. Investiga- 
tion 17: 711, 1938. 

A plethysmographic method has been described for the quantitative measure- 
ment of the blood flow in the foot. With a standard correction for the inertia of the 
pletliysmograpli-bellows system, the instrumental error was found to be ± 3 per cent. 
The plethysmograph is also useful in the study of the vasomotor reactions of the 
vessels of the foot. 

Authors. 

Nylin, S., and Sallstrom, T.: Three Synchronised Leads Between Fixed Points 
on the Heart Projection in the Chest Wall. Acta med. Scandinav. 96: 1, 
1938. 

A study of chest leads was made according to the Wood-Wolferth technique 
and needle electrodes. The electrodes -were placed in certain locations determined 
after x-ray examination of the heart. In normal persons they found the chest 
leads remarkably constant. In cases of acute coronary occlusion and of coronary 
disease changes were found which were consistent with those published in the 
American literature. 

Jensen. 

Bock, H.: The Q-T Interval in Diphtheria Affecting Children. Ztschr. f. Kreis- 
laufforscli. 30: 761, 1938. 

Twelve hundred electrocardiograms on 300 diphtheria patients were studied. It 
was found that the Q-T interval lengthened in diphtheria. This gives evidence of 
myocardial involvement. Extreme prolongation is a sign of bad prognosis. 

Katz. 


Damin, Bustave J., and Moore, Robert A.: Cardiac Muscle in Idiopathic 

Hypertrophy of the Heart in Infancy and in Normal Growth. Arch. Path. 27: 

122, 1939. 

In a case of idiopathic hypertrophy of the heart in an infant 53 days old the ap- 
parent number of muscle fibers was increased above the normal, but there was no 
increase in the number of nuclei. 

A study of the hearts of an infant 2 months old, a child S years old,, and an 
adult indicates that there is an increase in the total number of fibers and in that 
of nuclei during normal growth. 

Authors. 

O’Farrell, P. T,: The Clinical Diagnosis of Congenital Heart Disease. Irish J. M. 

Sc. 153: 597, 1938. 

The author discusses the clinical signs and diagnosis of congenital lesions of the 
heart which are compatible with life, and which present fairly distinct clinical or 
radiologic features. The approach to the clinical diagnosis should follow a definite 



SELECTED ABSTRACTS 


509 


plan. The first step which may be relatively easy is to establish the existence of a 
congenital lesion by ruling out the possibility of acquired disease. The next step, 
which is much more problematical, is to define the precise anatomic lesion or lesions. 
In the majority of cases only an approximate diagnosis can be attempted. There 
are certain criteria which are extremely helpful and lie discusses these, each briefly. 

There is also a discussion of each of the common clinical types of lesions with 
the symptoms and signs usually associated with each one. 

Altogether, the article presents a most interesting and intelligent review of this 
subject. 

McColloch. 

Bell, G. H.: The Human Foetal Electrocardiogram. J. Obst. & Gynaec. Brit. 

Emp. 45: 802, 1938. 

Using a thermionic valve electrocardiograph, capable of very high amplification, 
the electrocardiograms obtained when leads are taken from the abdomen of 
pregnant women show in some cases waves which are almost certainly fetal in 
origin. The evidence supporting the fetal origin is that the direction of the 
fetal deflection depends on the presentation (vertex or breech) and in a case of 
a twin pregnancy two sets of deflections were obtained. 

Of thirty-three cases examined in the last two months of pregnane}' about one- 
third showed positive results, but the other two-thirds did not show an}' -wave 
on the electrocardiogram which could be definitely recognized as fetal. 

It is suggested that the failure to secure positive results in all cases is due 
partly to differences in the electrical properties of the abdominal wall, and partly 
to the electrical disturbances produced by the abdominal muscles, and not to 
insufficient sensitivity of the apparatus or to differences between the fetuses. 

Author. 

Cobum, Alvin F., and Pauli, Ruth H.: The Significance of Prolonged Strepto- 
coccal Antibody Development in Rheumatic Fever. J. Clin. Investigation 18: 

141, 1939. 

Findings are presented which support the view that prolonged increases in strepto- 
coccal antibody, such as are observed in rheumatic fever, signify subclinical activity 
of hemolytic streptococcus. 

Authors. 

Westphal, K., and Sievert, C.: Concerning the Stimulating Material of Genuine 

Hypertension. Ztschr. f. Klin. Med. 133: 223, 1937-38. 

1. Endocrine disharmony in genuine hypertension — the occasion to hunt for and 
to find the stimulative material (p. 223) : A number of patients who exhibit 
' ‘ genuine hypertension ’ ’ associated with a variety of the stigmas of endocrine 
disturbances are described. They fall, chiefly, into two groups: adolescents with 
dystrophia adiposogenitalis ; and middle-aged obese men with feminine habitus 
and loss of libido. They note, also, that when two of the adolescent cases with- 
out hypertension were treated with pituitary (liypoloban) and thyroid extract, 
they developed a h}-pertension. Finally, analysis of 100 cases of hypertension 
revealed some evidence of endocrine disturbance in all but eleven instances. 

These observations led them to look for a pressor substance in the blood of 
hypertensive patients by the method of Anselmino and Hoffmann (ultrafiltration). 
A substance was found which regularly gave a rise in arterial pressure of rabbits 
on intramuscular injection, which persisted usually for as long as an hour. 
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2. Results of tlie study of pressor substances in tlie blood of genuine, renal, and 
malignant hypertension (p. 248) : The pressor substance was found present in all 
but 15 of 102 instances of "genuine hypertension” in about the same proportion 
of cases with malignant sclerosis and in about half of those with acute nephritis. 
Several instances are recorded wherein the amount of pressor substance varied 
with the level of blood pressure. 

3. The technique of demonstrating the pressor substance, its physicochemical 
properties as well as proof of the cortico-tropic substance (p. 261): The sub- 
stances resembles Tonephin (posterior pituitary Extract I-g. Earbenindustrie 
A.-G.) in some ways (destroyed easily by alkali and ultraviolet light) but differs 
in others (lacks antidiuretic action and is active intramuscularly). The authors 
seem to believe it to be similar. Besides the pressor action, two other actions of 
the ultrafiltrate were shown to be present bj T their effect upon the size and lipoid 
content of the adrenal gland — the first was found to be identical with the cortico- 
tropic hormone of the anterior pituitary and the second was thought to be 
similar to the adrenal-tropic hormone. 

4. Studies concerning the circulatory action of the pressor substance from 
the blood of genuine lij-pertension (p. 277): The pressor effect is shown to be 
peripheral in action. 

5. Studies concerning the acute influence of the pressor substance upon blood 
pressure, adrenal secretion, and chronic studies of blood pressure (p. 291) : Daily 
injections of the ultrafiltrate of blood from hypertensive patients give rise to 
chronic hypertension and increased lipoid content of the adrenal glands in rabbits. 
Neither of these phenomena occurs when the ultrafiltrate is obtained from normal 
blood. A single injection gives rise to a hyperglycemia which persists for seven 
or eight hours and which is abolished bj- removal of the adrenal glands. 

The symbiosis of the cortex and medulla of the adrenal from the point of view 
of histological studies of the adrenals under different experimental and patho- 
logical conditions and especially in genuine hypertension (p. 311). 

6. From histologic studies of adrenals in experimental and ‘‘genuine” hyper- 
tension, the conclusion is reached that both medulla and cortex are affected. 

7. Genuine hypertension as a primary endocrine disease (p. 342). Three pa- 
tients with hypertension were subjected to removal of one adrenal gland and 
implantation of three calves’ hypophyses. Level of blood pressure for all three 
fell promptly but the records show only a few weeks of postoperative follow-up 
examinations. Also several patients with circulatory collapse (pneumonia, etc.) 
and chronic hypotension were treated with whole blood (transfusions) or ultra- 
filtrate of blood from hypertensive patients with rise in arterial pressure and in- 
crease in general strength. 

From this series of studies the authors conclude that hypertension is primarily 
an endocrine disturbance. 

Steele. 

Williams, John R., Jr., Wegria, R., and Harrison, T. R.: Relation of Renal Pressor 

Substance to Hypertension of Hydronephrotic Rats. Arch. Int. Med. 62: S05, 

193S. 

Rats with spontaneous bilateral hydronephrosis display well-marked elevation 
of blood pressure. Rats with spontaneous unilateral hydronephrosis may or may 
not have an elevated blood pressure. Hydronephrotic rats respond to the in- 
jection of renal extract with a more marked rise in blood pressure than do nor- 
mal rats of similar size and age. Extract of the abnormal kidneys of rats with 
spontaneous unilateral hydronephrosis produces greater pressor effects than does a 
similar extract of the normal kidneys of the same rats. Extract of the kidneys 
of rats with spontaneous bilateral hydronephrosis causes a greater rise in blood 
pressure than does extract of the kidneys of normal rats. 
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Ligation of one ureter for a period of several days causes slight hydronephrosis 
but no constant rise in blood pressure. After unilateral ureteral ligation the 
sensitivity of rats to renal pressor substance is somewhat greater than that of 
normal animals. Extract of the kidney rendered hydroneplirotic by ligation of the 
ureter has a greater pressor effect than does a similar extract of the opposite nor- 
mal kidney of the same animal. Author. 

Langendorf, R., and Pick, A.: On the Diagnosis of Myocardial Infarct With the 
Aid of Chest Wall Leads. Acta med. Scandinav. 96: 80, 1938. 

Little work has been done on the reappearance of the preintrinsie positive de- 
flection in chest leads following posterior coronary occlusions. There have been 
discussions of the negative deflection which frequently precedes the preintrinsie 
positive deflection. Most authors consider that such a deflection, if big, has a 
similar significance as has absence of the preintrinsie posterior deflection. Nor- 
mally this wave is always less than 0.3 millivolt. When it becomes greater 
than this, the authors consider it of great diagnostic importance. Often, however, 
it is important to change the position of the pick-up electrode to various areas 
between the apex and the left sternal border. Sometimes the preintrinsie position 
deflection returns before the T-wave changes return to normal. Sometimes it is 
present, though small, in the presence of large infarcts. This fact somewhat im- 
pairs the value of the chest lead. Differences in curves originating from different 
sites of application of electrodes are brought about by the use of large electrodes. 

Authors. 

Schwab, Edward H., and Curb, Dolph L.: A Note on the Diagnosis of Hyper- 
tensive Cardiovascular Disease Without Hypertension. J. Lab. and Clin. Med. 
24: 125, 1938. 

The middle-aged patient who presents moderate to marked cardiac enlarge- 
ment and who does not have hypertension or significant vascular lesions provides 
an interesting diagnostic problem from the etiological standpoint. The cause of 
the cardiac enlargement in these patients is usually obscure. O’Hare and his 
associates have emphasized that under such circumstances the patient probably 
has had a previous hypertension. Although it is probable that hypertension has 
been present in such patients, a definite history of this is usually difficult to con- 
firm. It was considered that these suspected hypertensive cardiopatlis might still 
retain the hypersensitivity of the vasomotor apparatus to stimulation even though 
their blood pressure was no longer elevated. The cold pressor test of Hines and 
Brown was utilized in testing the vasomotor reactivity of these patients. Seven 
subjects with known previous hypertensive vascular disease in whom the blood 
pressure had fallen to normal or subnormal were subjected to the cold pressor 
test. Five of the seven patients gave a marked hypertensive type of response. 
One gave a borderline type of response and one an essentially normal response. 
In the patient with the borderline response it was felt that a primary nephritis 
might have been the etiological factor of the hypertension. The findings in this 
small group suggest that the application of the cold pressor test to patients of this 
type would materially aid in clarification of the etiological cardiac diagnosis. 

Hines. 

Major, Ralph H.: Blood “Guanidine” in Arterial Hypertension: A Review of 
Eight Hundred Cases. Arch. Int. Med. 62: 946, 193S. 

The “guanidine” content of the blood of 800 patients with hypertension ob- 
served over a period of ten years was increased in 43 per cent of the entire series 
and in 32 per cent of those whose blood had a nonprotein nitrogen content not ex- 
ceeding 40 mg. per 100 c.c. Naide. 
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Mills, John H., and Horton, Bayard T.: Clinical Aspects of Aneurysm. Arch. Int. 

Med. 62: 949, 1938. 

A total of 596 cases of aneurysm were recorded at the Mayo Clinic in the years 
1925 to 1935, inclusive. In this series of cases, 143 of the aneurysms were intra- 
cranial, 339 were intrathoracic, SO were intra-abdominal, 21 involved the ex- 
tremities, and 13 were of a miscellaneous character. Syphilis was present in 3.5 
per cent of the cases of intracranial aneurysm, in 70 per cent of the cases of 
thoracic aneurysm, in S.S per cent of the cases of intra-abdominal aneurysm, in 
9.5 per cent of the cases of aneurysm of an extremity, and in 7.7 per cent of the 
miscellaneous cases of aneurysm. In a total of 172, or 28.9 per cent, of the 
596 cases the diagnosis of aneurysm was verified at operation or necropsy. 

Authors. 

Boland, Edward W., and Willus, Fredrick A.: Changes in the Liver Produced by 

Chronic Passive Congestion. Arch. Int. Med. 62: 723, 193S. 

The usual histopathologic picture of the liver in cases of prolonged or recur- 
rent episodes of congestive heart failure is that of central lobular atrophy, or 
necrosis, or both. Condensation of reticulum and thickening may or may not 
be present. 

The presence of condensation of reticulum alone does not warrant the use of 
the term cardiac cirrhosis. 

True cirrhosis, developing in the course of congestive heart failure, does occur 
but is rare. No definite criteria were elicited from this study whereby the de- 
velopment or presence of cardiac cirrhosis can be recognized clinically. 

Authors. 

Epstein, Bernhard S.: The Visualization of the Aorta by the Method of Roent- 

genographic Overpenetration. Am. J. Roentgenol. 40: 396, 193S. 

The technique of overpenetration has been useful in outlining the cardiac 
shadow in patients with opacities in the adjacent lung fields. Extension of the 
heart shadow below the diaphragm may be demonstrated. Shadows of double density 
on the right cardiac border in instances w T here the left auricle approaches the right 
border are sometimes seen. The contour of the thoracic spine can be determined, 
and instances in which a thoracic deformity was of differential diagnostic import 
have been noted. It is also possible to visualize the trachea and main bronchi. 

Author. 

Grandgdrard, R., and Heim de Balsac, R.: The Primary Arterial Tree of the 

Lungs and the Cortical Destination of Its Ramification. Presse med. 45: 444, 

1937. 

Through visualization by Lucien’s method the arterial tree in the lungs is sub- 
divided into various sections. The notion of areas of ventilation of the lungs 
added to the knowledge of the elements of the distribution of vessels is useful 
in the localization of lesions of the lung even after projection on to the single 
plane of the x-ray film. 

Jensen. 


Goldblatt, Harry: Experimental Observations on the Surgical Treatment of 
Hypertension. Surgery 4: 483, 193S. 

The effect of experimental occlusion of the renal artery on the production of 
hypertension is reviewed and discussed. 
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The author then discusses the application of this observation to hypertension 
in liumans. Whether renal decapsulation and other surgical procedures for the 
establishment of collateral circulation to the kidney- would be effective in either 
essential hypertension or other types, must be worked out. The author believes 
there is probably more justification on an experimental basis for the surgical 
procedure than there has been for some of the others that have already been prac- 
ticed. The cases in which the surgical production of accessory circulation would 
be most effective would be those in which the hypertension is due to sclerosis of the 
main renal arteries alone, or their very large branches. The difficulty of making a 
diagnosis of this condition is obvious so that unless the method could be applied to 
essential hypertension associated with renal arteriolar sclerosis, the procedure would 
be of greatly restricted value. 

McCulloch. 

Weitzmann, G. : (Abstracted From Notes.) Report of the Fourteenth Meeting 

of the German Pharmacological Society April 24 to 28, 1938. Ztsclir. f. 

Kreislaufforscli. 30: 736, 193S. 

P. Holtz, Greifswald: "Formation of a Pressor Substance From Dioxy- 
phenylalanin by- Animal Tissues.” Ividnev extract forms a pressor substance from 
dioxyplienylalanin when the medium is made anoxemic. The substance appears to 
be oxytyramin. 

Riihl and Thaddea, Berlin : ‘ ‘ Lactic Acid in the Heart-Lung Preparation Follow- 

ing Caffeine.” Caffeine, 0.15-0.35 gm., makes the heart in the heart-lung prepara- 
tion insufficient and at the same time lactic acid accumulates in the blood. This 
differs from other types of damage to the heart, viz., pernocton, histamine, or N„ 
where no interference with lactic acid utilization is seen. 

Kusehinsky, Berlin: "Water Balance.” The quantity of antidiuretic hormone 
of the posterior pituitary gland was determined in male rats. Excess water (one- 
twentieth body weight daily for one week) was found to have no effect on this 
determination. When, however, 4 per cent NaCl was added, the hormone was de- 
creased in amount on the day following. The same decrease was found to occur after 
novasurol, but theophyllin had no such effect. 

Hildebrandt, Osterwald, Giessen: " Strophanthin on Coronary Flow.” In the 
intact anesthetized animal, coronary flow was studied by means of a Rein stromuhr. 
It was found that doses of strophanthin equivalent to 0.15 to 0.5 mg. for man had no 
direct effect on coronary blood flow to the right coronary artery. The coronary flow 
changes following strophanthin paralleled the changes in peripheral flow. 

Hahn, Cologne: "Digitalis Sensitivity When Blood Calcium Is Elevated.” The 
lethal dose of strophanthin is decreased when blood calcium is raised by calcium 
chloride injections. 

Hessel, Frankfort: "Experimental Observations on the Pathogenesis of Renal 
Hypertension. ” Injections of venous blood from the ischemic kidneys of animals 
(rabbit and dog) having developed chronic hypertension, cause a rise in pressure 
in the recipient animal. Arterial blood or venous blood from nonischemic kidneys 
does not have this action. Renin is the substance to which this pressor action is 
attributed. This material causes a decrease in renal flow and so can establish the 
mechanism whereby- hypertension is established and maintained. Removal of the 
kidney-s in animals rendered hypertensive by chronic injections of renin leads to a 
fall in blood pressure. Renin thus appears to be responsible for the vicious cycle 
of hypertension. 


Katz. 
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A COMPARISON OF THE CHANGES IN THE HUMAN ELECTRO- 
CARDIOGRAM FOLLOWING THE ADMINISTRATION OF 
STROPHANTHIN AND ACETYLCHOLINE AND 
DURING VAGAL STIMULATION® f 

Niels A. Nielsen, M.D., and Mogens Trier, M.D. 

Copenhagen, Denmark 

IN A previous work it was shown that the cardio-inhibitory vagal effect 
caused by the digitalis substances is most likely due solely to a sen- 
sitization of the heart muscle to the normal vagus tone (Abdon and 
Nielsen 1 ). This was combined with Loewi’s supposition that acetyl- 
choline is the vagus substance ; and after it had been demonstrated upon 
the isolated hearts of frogs and rabbits that following the administration 
of strophanthin the same dose of acetylcholine produced a more pro- 
nounced bradycardia than before strophanthin was given, the supposi- 
tion that the digitalis bradycardia is due to a sensitization of the heart 
muscle to acetylcholine was considered justifiable (Abdon and Nielsen 2 ). 

Soon afterward, Gremels 3 (1937), experimenting with isolated frogs’ 
hearts, found an augmentation of the chronotropic effect of acetylcholine 
following the administration of strophanthin, and he showed further 
that strophanthin increases the effect of acetylcholine on the oxygen con- 
sumption and mechanical efficiency of the heart-lung preparation. 

It therefore seemed natural to inquire whether any of the other effects 
of the digitalis substances are due to a sensitization of the heart muscle 
to acetylcholine. 

The digitalis substances cause characteristic changes in the electro- 
cardiogram. If the administration of acetylcholine, as well as vagal 
stimulation, causes similar changes, those which occur after the admin- 
istration of digitalis are to be explained by a sensitization of the heart 
muscle to the acetylcholine liberated by the normal vagal tone. 

‘From the Medical Clinic B, University of Copenhagen (Chief rhvsician ; Professor 
E. Warburg. M.D.) . 

t Aided by a grant (to N. A. N.) from the P. Carl Petersens Fond. 

Received for publication June 17, 193S. 
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A direct comparison of the changes in the electrocardiogram brought 
about in these different ways does not seem to have been made previ- 
ously, but separate investigations, both on animals and man, have been 
reported. 

Experiments on Man . — The changes in the electrocardiogram of nor- 
mal adults following the administration of digitalis have been described 
by Larsen, Neukirch and Nielsen 4 (1937), who concluded from previous 
investigations and their own results that the most important changes are 
relative shortening of the electrical systole, depression of the S-T inter- 
val, and flattening of the T -waves; bradycardia occurred in only a little 
more than half the cases. Moreover, it may be added that in one-third of 
the healthy persons whom they examined, Eoutier and Pud dir’ (1935) 
found lower P -waves in Leads II and III after the administration of dig- 
italis. In all of these experiments digitalis itself was used. Regarding 
strophanthin, Cohn and Levy 0 (1920) state that the effect on the T -waves 
is only slight or does not appear at all. Kalilson 7 (1928) found that the 
T-waves were flattened after the intravenous injection of strophanthin, 
whilst Aschenbrenner 8 (1936) maintained that strophanthin does not 
cause any changes in the T-waves. 

The effect of acetylcholine has been studied by Carmichael and Fraser 0 
(1933), who state that in four adults the intravenous injection of this 
drug caused a slowing of the heart rate, but did not otherwise influence 
the electrocardiogram. 

Vagal stimulation in man is obtained reflexly by pressure on the 
carotid sinus. Weiss and Baker 10 (1933) found that this procedure 
caused bradycardia and sometimes complete standstill of the heart; in 
some cases the electrocardiogram showed aurieuloventricular block, and 
in a few instances ventricular extrasystoles. Nathanson 11 (1933) ob- 
tained similar results. 

Animal Experiments . — Inasmuch as the effect of the administration of 
strophanthin and acetylcholine, as well as that of vagal stimulation, has 
been studied only in dogs, the discussion will be limited to this animal. 

According to Selenin 12 (1912), the administration of digitoxin causes 
bradycardia, aurieuloventricular block, and an increase in the size of 
the T-waves, whilst Bickel and Pawlow 13 (1913) found that the T-waves 
became lower after the administration of strophanthin, and that brady- 
cardia occurred in only one of four dogs. Cohn and Stewart 34 (1928) 
administered tincture of digitalis and digifolin and obtained changes 
in the T-waves and commonly bradycardia. Lastly, Brains 1 " (1929) 
found that different preparations of digitalis caused bradycardia and 
sometimes delayed aurieuloventricular conduction, but that the changes 
in the T-waves were inconstant. 

Ooldenberg and Rothberger 10 (1934) have examined the effect of 
acetylcholine on the electrocardiograms of dogs. They state that the 
first changes are found in the P-waves; later, aurieuloventricular block 
and sometimes depression of the S-T interval appear, but bradycardia 
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is seldom seen. The tables of the paper, however, show that in several 
experiments there was a decided early decrease in cardiac rate. 

Vagal stimulation has most often been electrical. There is some dis- 
agreement about the results (Einthoven, 17 1908; Tiering, 18 1909; Rotli- 
berger and Winterberg, 10 1910; Goldenberg and Rothberger, 16 1934). 
The disagreement is probably due to the fact that this method of stimu- 
lation also involves nerves belonging to the aecelerans. Here we can 
consider, therefore, only the experiments in which the stimulation lias 
been reflex, caused by changing the pressure in the carotid sinus. Kisch 
and Sakai 20 (1923) produced tachycardia by compressing the carotids 
of dogs. At the moment pressure was released, and the pressure inside 
the carotid sinus increased, the cardiac rate again became slow. The 
paper gives an illustration of an electrocardiogram taken during such 
an experiment which shows that the P-waves grew lower during the 
period of bradycardia. 

If the experimental results cited above be compared, it may be seen 
that there is a certain resemblance among the electrocardiographic 
changes obtained in these different ways, but that they are not by any 
means in complete agreement. This may perhaps be explained by the 
fact that the three different kinds of experiments were not carried out 
on the same subject, so that the dissimilarities could be due to individual 
variations in mode of reaction. Therefore, in our investigation the 
changes in the electrocardiogram which occurred following the admin- 
istration of strophanthin and of acetylcholine and during vagal stimu- 
lation caused by pressure on the carotid sinus or on the eyeball were 
compared in successive experiments on the same person. 

TECHNIQUE 

The persons used for the experiments were male adults who did not present any 
subjective or objective signs of disease of the circulatory system. There were no 
auscultatory, roentgenologic, or electrocardiographic abnormalities, and the blood 
pressure was normal in each instance. 

During the examination the subject lay in bed. The experiments with strophanthin 
were carried out in the morning. A light breakfast was given, after which the sub- 
ject rested for about an hour in the room in which the experiment was to be done. It 
was first ascertained that the heart rate was constant. 

The electrocardiograms were obtained by means of an amplifier apparatus which 
allows all three leads to be taken simultaneously, Lead III being about half the size 
of the other two. Each electrocardiogram was standardized so that the introduction 
of 1 mv. caused a deflection of 20 to 23 mm. The time marking was 0.2 and 0.05 sec. 
and the speed of the film S to 9 cm. per pec. In Lead II the measurement of the 
intervals was accurate within ± 0.003 sec. In the experiments in which acetylcholine 
was injected or pressure exerted on the carotid sinus, the last three complexes before 
and the first three after the onset of bradycardia were measured, and in the 
strophanthin experiments the mean of five beats before and five beats after injection 
was calculated (Table I). 

Strophanthin was given intravenously in an aqueous solution of 1:2000 (sol. 
g-strophantini, Pharmacopea Danicci, 1933). The injection lasted about one minute. 

A 5 per cent solution of acetylcholine chloride (Merck) was prepared before each 
experiment. It was injected intravenously as quickly as possible; the first dose was 
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0.2 c.c., and the size of each succeeding dose was increased by 0.1 e.c. until an effect 
was obtained. 

The vagus was stimulated reflexlv in four of the subjects by pressure on the 
carotid sinus, and in the fifth by pressure on the eyeball. 

Inasmuch as the effect of slrophanthin is protracted, the experiments were carried 
out in the following order: (1) Pressure on the carotid sinus, (2) injection of 
acetylcholine, and (3) injection of strophanthin. 



RESULTS 

The results arc summarized in Tabic T. This table shows that during 
pressure on the carotid sinus there was a pronounced bradycardia, and 
at this time the electrical systole (Q-T interval) was either unchanged 
or so little prolonged that it was obviously relatively shortened (Fig. 
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EXPERIMENT 


3. Pressure on carotid 


Acetylcholine, 35 
mg. intravenously 


Strophanthin, 0.25 
mg. intravenously 


4. Pressure on carotid 


Acetylcholine, 30 
mg. intravenously 


Strophanthin, 0.40 
mg. intravenously 


a. Pressure on evcball 


Acetylcholine, 32.5 
mg. intravenously 


Strophanthin, 0.25 
mg. intravenously 


HEART BEAT IN- 
SEC. 


3 beats immedi- 0.799 
ately before 0.799 
pressure 0.775 

3 beats during 1.120 
pressure 1.096 

1.067 


3 beats immedi- 0.600 
ately before 0.603 
injection 0.609 

3 beats immedi- 0.S45 
ately after in- 0.956 
jection 0.956 


Average of 5 0.740 

beats before 
injection 

Average of 5 0.S93 

beats 8 min. 
after inj. 


2 beats immedi- 0.694 
ately before 0.742 
pressure 

3 beats during 1.002 
pressure 1.00S 

0.9S0 


3 beats immedi- 0.S38 
ately before 0.S38 
injection 0.838 

3 beats immedi- 0.906 
ately after in- 0.974 
jection 0.971 


Average of 5 0.S14 

beats before 
injection 

Average of 5 1.033 

beats 15 min. 
after inj. 


3 beats immedi- 
ately before 0.962 
pressure 0.962 

3 beats during 1.349 
pressure 1.393 

2.1S2 


3 beats immedi- 0.S29 
ately before 0.7S1 
injection 0.7S4 

3 beats immedi- 0.927 
ately after in- 0.994 
jection 0.963 


Average of 5 0.S70 

beats before 

inj ection 

Average of 5 1.004 

beats 12 min. 
after inj. 


FOL- 
LOWING CHANGES IN OTHER PARTS OF 
Q-T a IN ELECTROCARDIOGRAM 
SEC. 


0.362 P a and P a more pointed 

0.356 

0.362 


P. more pointed, 
pointed and lower 


0.351 P, more pointed 


0.3S0 P, lower, P 3 from positive to 

0.375 negative 

0.3S6 


0.396 P, narrower 


0.364 P-Q 2 
0.370 P-Q. 
0.370 P-Q. 


0.375 P-Q. 
0.372 P-Q.' 
0.3S0 P-Q'. 


0.351 

0.347 

0.347 


0.191 lower and lower 
0.287 
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I A). Wlien bradycardia was pronounced the P -waves were flattened in 
Leads II and III, but no changes occurred when the bradycardia was 
less pronounced. In one experiment on Subject 1 there was moderate 
bradycardia without changes in the P-waves, but when, in another ex- 
periment, the bradycardia was more pronounced, the P-waves were 
flattened in Leads II and III (Table I). Subject 5 responded to pres- 
sure on the eyeball with a great decrease in cardiac rate, accompanied by 
flattening of the P-waves in Leads II and III, and the slower the rate, the 
greater the flattening. Simultaneously, the auriculoventricular conduc- 
tion was delayed in proportion to the decrease in cardiac rate (Fig. IE). 
The other waves and intervals of the electrocardiogram did not change. 

The intravenous injection of acetylcholine was followed by the same 
changes, except that auriculoventricular conduction was never delayed 
(Fig. IB). As in the experiment with carotid sinus stimulation, the 
changes in the P-waves did not appear until the bradycardia became pro- 
nounced (Table I, Subject 1). In one subject (No. 2) the P-waves be- 
came higher, but in all of the others they grew smaller. 

The injection of strophanthin was followed, after a very short interval, 
in some cases less than one minute, by a definite decrease in cardiac rate 
which became more pronounced during the succeeding minutes ; the Q-T 
interval either remained unchanged or was inconsiderably prolonged, 
i.e., there was a relative shortening of electrical systole (Fig. 1C and D). 
The changes in the P-waves were the same as those which occurred after 
carotid pressure and the injection of acetylcholine (flattening in Leads 

II and III when the bradycardia was pronounced, no change when the 
rate was only slightly decreased [Table I, Subject 1]). In none of the 
cases were other changes found, especially the T-waves were not altered, 
neither was auriculoventricular conduction delayed, within twenty- 
four hours after the injection. 

DISCUSSION 

The changes in the electrocardiogram during pressure on the carotid 
sinus and the eyeball (bradycardia, relative shortening of the Q-T inter- 
val, flattening of the P-waves in Leads II and III in cases of pronounced 
bradycardia, and a single instance of delayed auriculoventricular conduc- 
tion) were essentially the same as those observed by previous investiga- 
tors. It is true that relative shortening of the electrical systole has not 
been mentioned previously, but it is to be seen in the electrocardiograms 
which have been published. The extrasystoles which others have observed 
did not occur in our experiments, possibly because of individually differ- 
ent modes of response. 

The changes following intravenous administration of acetylcholine cor- 
responded to those produced by pressure on the carotid sinus and eyeball, 
except that delayed auriculoventricular conduction was not observed. 
This was probably because of the small amounts of acetylcholine used, 
for it has been shown in animal experiments that it may have this effect. 
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The changes following the intravenous administration of strophanthin 
corresponded to those produced by acetylcholine, viz., bradycardia, rela- 
tive shortening of electrical systole, and, when the bradycardia was pro- 
nounced, flattening of the P-wavcs in Leads II and III. These results 
agree with those obtained by investigators who have used digitalis, except 
that with digitalis there were also changes in the T- waves, and sometimes 
delayed auriculoventricular conduction and extrasvstoles. It has previ- 
ously been demonstrated that the T-wavcs are not affected by the admin- 
istration of strophanthin. The fact that the other changes were not ob- 
served in the present experiments may be explained by the well-known 
individual variations in response to digitalis substances, or by assuming 
that the doses of strophanthin which were used were too small to effect 
them. 

It is seen that in the same subject the electrocardiographic responses 
to strophanthin, acetylcholine, and vagal stimulation were identical. 

Goklenberg and Rothberger 10 have compared the electrocardiographic 
changes following the administration of acetylcholine and vagal stimula- 
tion in dogs, cats, and rabbits, and have not found complete agreement, 
but nevertheless they draw the conclusion “dass del* Vagusstoff mit dem 
Acetylcholin identiseh ist oder ihm wenigstens sehr nahe steht.” As they 
themselves point out, the difference is most likely due to the fact that 
electrical stimulation of the vagus also stimulates the nerves belonging 
to the accelerans. In the experiments presented here, the electrocardio- 
graphic changes following acetylcholine and reflex augmentation of the 
vagal tone have been compared and found to be identical, which speaks 
in favor of the supposition that acetylcholine is the vagus substance. 

It was mentioned in the introduction that the bradycardia following 
the administration of digitalis is supposed to be caused by a sensitization 
of tlie heart muscle to acetylcholine. Further, it was stated that stro- 
phanthin increases the effect of acetylcholine on the oxygen consumption 
and mechanical efficiency of the heart-lung preparation. It was there- 
fore considered natural to inquire whether other effects of digitalis might 
lie explained by acetylcholine sensitization. The present investigation 
demonstrates that the changes occurring in the electrocardiogram follow- 
ing the injection of acetylcholine and strophanthin in successive experi- 
ments on the same person are identical. It therefore seems justifiable to 
assume that the changes in the electrocardiogram following the adminis- 
tration of strophanthin are caused by sensitization of the heart muscle to 
the acetylcholine liberated by the normal vagal tone. 

SUMMARY 

1. In normal adults the administration of strophanthin, of acetyl- 
choline. and vagal stimulation cause Ihe same electrocardiographic 
changes in the same subject, viz., bradycardia, relative shortening oi 
electrical systole, and. when the bradycardia is pronounced, changes 
in the P-waves in Leads II and III. 
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2. The fact that the changes in the electrocardiograms following vagal 
stimulation and the administration of acetylcholine are identical indi- 
cates that acetylcholine is the vagus substance. 

3. The changes in the electrocardiogram following the administration 
of strophanthin may he harmonized with the hypothesis that strophan- 
thin sensitizes the heart muscle to acetylcholine. 
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VARIATIONS IN A-V AND V-A CONDUCTION DEPENDENT 
UPON THE TIME RELATIONS OP AURICULAR 
AND VENTRICULAR SYSTOLE: THE 
SUPERNORMAL PHASE 

Edward M. Kline, M.D., Jerome V 7 . Conn, M.D., and 
Francis P. Rosenbaum, M.D. 

Ann Arbor, Mich. 

TN 1912, Adrian and Lucas 1 designated as the “supernormal phase” a 
biological phenomenon which they demonstrated in injured excitable 
tissue. They found that there was a short period during recovery from 
a previous stimulus in which the tissue became hypersensitive to new 
stimuli. They showed, further, that this supernormal excitability of 
nervous tissue was accompanied by a supernormal variation in conduc- 
tivity. For example, it was shown that an impulse which was ordi- 
narily unable to traverse a depressed zone in a nerve was conducted 
if it followed a transmitted impulse by an interval of 0.015 to 0.1 sec- 
ond. Adrian 2 pointed out later that an acid medium was necessary for 
the existence of the supernormal phase. 

Ashman 3 produced varying degrees of A-V block in the turtle heart 
and observed the existence of a supernormal phftse in some of the speci- 
mens .that had been handled repeatedly. He produced an A-V block 
which was just complete for impulses arriving every fifteen to twenty 
seconds. When, however, an auricular impulse was sent in about three 
or four seconds after one of the regularly blocked impulses, it was trans- 
mitted. In other words, when an impulse was timed to fall in the 
supernormal phase of the preceding blocked impulse, it traversed a 
block through which it could not pass at any other time. Ashman 
showed, too, that if one impulse passed the block, the following impulses 
could also be transmitted providing that each impulse occurred during 
the supernormal phase of the preceding beat. 

The existence of a supernormal phase in the human heart was first 
suggested by Lewis and Master. 4 In their first case, one of complete 
heart block, A-V transmission occurred whenever the P-wave fell be- 
tween the summit and the end of the T-wavc of the preceding idioven- 
tricular systole. This zone, which they likened to the supernormal phase 
of Adrian and Lucas, was found to lie between the limits of 0.425 and 
0.708 second after the initial movement of the QRS complex. In their 
second case, one of partial heart block with dropped beats, the zone of 
effective auricular impulses could not be so sharply defined. 
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Wilson and Herrmann 5 reported a ease of paroxysmal complete heart 
block which is strikingly similar to the first case described in this article. 
The data pertaining to this case were re-examined and again reported 
by Ashman and Herrmann,® who found that periods of complete heart 
block were preceded by periods of gradual auricular slowing. When the 
length of the cardiac cycle measured from 0.90 to 1.10 seconds, a period 
of complete heart block followed. Such periods of block were usually 
interrupted when an auricular systole followed an idioventricular beat 
by 0.31 to 0.795 second. A critical zone during which the conducting 
mechanism was reactive to an auricular impulse was therefore present. 

Wolferth 7 reported a case of complete heart block with occasional ven- 
tricular responses. He found that when auricular systole occurred 0.45 
to 0.74 second after the beginning of the preceding QRS complex, the 
impulse was transmitted. Wolferth stated that although a supernormal 
recovery phase could explain the occasional transmitted beat, he pre- 
ferred to attribute it to an improved nutritional state of the depressed 
zone during that short period of the cardiac cycle. His chief reason for, 
rejecting the concept of the supernormal phase was the fact that at the 
time of his report no good evidence existed that a supernormal phase 
occurred in the mammalian heart. 

The purpose of this report is to demonstrate in two cases of heart 
block the existence of a supernormal phase in conductivity. In the first 
case an impulse arising in the ventricle frequently established in the 
depressed zone a supernormal phase during which an auricular impulse 
passed. This successful A-Y conduction produced another supernormal 
phase during which the next auricular impulse was transmitted. In the 
second case, impulses arising in the auricle produced in the depressed 
zone a supernormal phase permitting retrograde conduction. 

Case 1. — E. P., a 45-year-old, white male laborer, was admitted to the University 
Hospital Sept. 21, 1937, complaining of fainting spells. He stated that he had en- 
joyed good health until six months before admission, when he experienced his first 
attack of syncope. Attacks had become more frequent so that they occurred almost 
daily. During attacks he had noticed some irregularity of the heart which he de- 
scribed as “missed beats.” There was no history of rheumatic fever or syphilis. 

On physical examination, the patient was a well-developed adult male who did 
not appear severely ill. On several occasions during the examination there occurred 
transient pronounced pallor of the face, accompanied by a staring facial expression 
and momentary disorientation. During these attacks, which lasted only a few sec- 
onds, the patient was pulseless. In similar but more severe attacks, syncope occurred 
and ventricular asystole lasted as long as five seconds. Recovery was characterized 
by intense flushing of the face and the return of normal cardiac rhythm. Except 
for the cardiovascular findings to be described, the physical examination revealed no 
abnormalities. The pulse was small and sustained. The blood pressure in the left 
arm was 13S/110, and in the right arm 108/92. The heart was not enlarged on 
percussion. A loud, rough systolic murmur, transmitted to the vessels of the neck, 
was heard at the aortic area, where a systolic thrill could be felt. Along the 
left border of the sternum in the third intercostal space a soft, blowing, high- 
pitched, diastolic murmur was heard. Both aortic stenosis and aortic insufficiency 
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wove thought to bo present. At times, when the beating was irregular, auricular 
sounds could be heard to the left of the sternum (Fig. -LI). There were no signs 
suggesting congestive cardiac failure. 

The urine, blood, and stool were normal. The blood Kahn reaction for syphilis 
was negative. An orthodiagram revealed definite cardiac enlargement; (he frontal 
plane area was 3S per cent and the total transverse diameter 25 per cent above the 
average for normal subjects of the patient’s height and weight. No calcification 
of the aortic valve could be made out. Roentgenologic examinations of the spine, 
soft tissues of the neck, and upper gastrointestinal tract demonstrated no ab- 
normalities. 



Fig. 1. — Case 1. Sept. 21. 1037. Day of admission. No spontaneous attacks. 

Carotid sinus pressure not applied. 



Fig. 2. — Case 1. Sept. 22, 1037. Lead I taken during spontaneous attacks of syncope. 
Idioventricular beats marked X. Continuous tracing. 


The first electrocardiogram, taken when the patient was having no spontaneous 
attacks, was normal (Fig. 1). The heart rale was S3 per minute and the P-R inter- 
val 0.1S second. On the following day there were frequent spontaneous Adams- 
Stokcs attacks. These were relieved by the hypodermic injection of 0.5 c.c. of 
adrenalin hydrochloride (1 :1000 dilution). The electrocardiogram (Fig. 2) taken 
during these seizures showed repeated intervals of complete heart block associated 
with ventricular standstill or very slow idioventricular rhythm. The periods of com- 
plete heart block were separated by short intervals of normal rhythm. Similar 
episodes of complete heart block could be induced by carotid sinus pressure. Electro- 
cardiograms were taken to demonstrate the effect of carotid sinus stimulation before 
(Fig. HA) and after (Fig .'!/>) the injection of 0.5 c.c. of adrenalin hydrochloride. 
These indicate that the drug prevented prolonged ventricular standstill by inducing 
the prompt onset of idioventricular beats.* 

Figure 4 A is a record taken 30 minutes after the hypodermic injection of 0.0012 
gm. of atropine sulfate. There is no essential difference between this curve and 
those showing intermittent heart block. Twenty minutes after a second, similar 

•From the examination of Fig. 3B it may not be at once apparent that complete 
\-Y dissociation is present. The presence of idioventricular beats is indicated by 
variations in the form of the QRS deflections. These beats are represented by tin: 
ventricular complexes which show the larger R-waves anil smaller S-waves. 


KLINE ET AL. : VARIATIONS IN A-Y AND V-A CONDUCTION 527 



i r 

B 


Fig. 3. — Case 1. Sept. 23, 1937. Lead II. A, before adrenalin ; B, after adrenalin. 
Note the long ventricular asystole after carotid stimulation, in A. The heavy verti- 
cal line in B represents loft carotid pressure. Idioventricular beats marked X. Ai 
and Ai continuous. Bi and EL continuous. 

close of atropine sulfate, however, the ventricles (Fig. 4 B) responded normally to 
the auricular impulses. At this time the normal rhythm could not be disturbed by 
carotid sinus stimulation (Fig. 4 C). 

Ephedrine sulfate in doses of 0.025 gm. four to six times daily for a period of 
six days failed to cause any change in the cardiac mechanism or in the frequency 



Fig. 4. — Case 1. Sept. 24, 1937. .4, thirty minutes after atropine sulfate subcutane- 
ously. Note the double auricular sound and the coarse murmur throughout systole. 
Microphone placed in the third intercostal space, left of sternum. Idioventricular 
beat in .4. B, twenty minutes after second dose of atropine sulfate. Normal 
rhythm undisturbed by carotid sinus stimulation in C. Heavv vertical line in C 
repi-esents left carotid pressure. 
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of the periods of asystole. Atropine sulfate by mouth in doses of 0.0004 gm. three 
to four times daily for a period of five days was also without demonstrable effect. 

On Oct. 13, 1937, twenty-three days after the patient entered the hospital, the 
electrocardiogram showed for the first time partial heart block with three to one re- 
sponse and ventricular escape after each dropped beat (Fig. o). Except for a 
brief period of one to one response which resulted from carotid sinus stimulation on 
Oct. 25, 1937, partial heart block persisted throughout the remainder of the period 
of hospitalization. With this change in the cardiac mechanism the syncopal attacks 
disappeared despite increased exercise and frequent carotid sinus stimulation. The 
patient was discharged from the hospital Oct. 27, 1937. At a check-up examination 
on April 4, 193S, he stated that he had been working and had had no attacks since 
leaving the hospital. At this time the electrocardiogram showed complete heart block 
with abnormal ventricular complexes. 



Fig. J. — Case 1. Oct. 13, 1937. Partial heart block with ventricular escape. 
Similar to all records obtained during the remainder of hospital course. Idioventric- 
ular beats marked X. 

Examination of those electrocardiograms showing complete heart 
block demonstrates several constant relationships. First, complete heart 
block interrupted the normal rhythm only when there was auricular 
slowing (Figs. 2, 3 A, 3 B), regardless of whether this occurred spon- 
taneously or as the result of carotid sinus stimulation. Secondly, nor- 
mal rhythm was never re-established unless the first transmitted auric- 
ular impulse was preceded by an idioventricular beat (Figs. 2, 3, 4). 
Since not all idioventricular beats were followed by a resumption of 
one to one response, we compared the time relations of those beats which 
were followed by resumption of normal rhythm with those which were 
not. 

In order to study these phenomena, two types of measurements were 
made. All P-P intervals were measured and placed in two groups. In 
one group were those which were followed by a conducted auricular 
impulse and in the second were those which were not. Measurements 
from the initial deflection of the QRS complex of each idioventricular 
beat to the following P-wavc were treated in a similar manner. 

From the first set of figures a chart (Chart I) was constructed after 
the method of Lewis and Master. 4 This chart shows clearly that the 
transmitted auricular impulses fall within a definite zone. The upper 
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limit of this zone lies between 0.92 second and LOf seconds, the lower 
limit lies at least 0.6 second after the preceding P-wave. No opportu- 
nity was afforded to test the lower limit further. Although all of the 
P-R intervals are within normal limits (varying from 0.12 to 0.19 sec- 
ond) there is no apparent correlation between the length of the P-R 
interval and the position any particular transmitted impulse occupies 
within the zone specified. This is in contrast to the findings of Lewis 
and Master, 4 who reported in their first case a gradual lengthening of 
the P-R interval from 0.120 to 0.168 second as the upper limit of the 
“responsive phase” Avas reached. 

In a similar way it may be demonstrated (Chart II) that there is re- 
sumption of one to one response when the P-wave folloAvs an idioven- 
tricular beat by an interval of at least 0.50 second. When this interval 
is 0.90 second transmission frequently fails, and Avhen it is 0.98 second 
it invariably fails. In as much as failure of A-V conduction is ahvays 
associated Avitli auricular sloAving and is never re-established unless an 
idioventricular beat occurs, it is clear that fatigue and recovery of the 
junctional tissues do not explain the observed phenomena. 

Although there Avas apparently a pronounced vagal instability, the 
variations in vagal tone Avhich occurred are not sufficient to explain the 
observations made. An increase in vagal tone might explain the onset 
of the block, but a decrease in vagal tone cannot explain the return of 
normal conduction. In all instances ventricular standstill Avas accom- 
panied by auricular acceleration; yet in no instance (this is tested 
tAventv-one times) Avas there re-establishment of A-V conduction until 
an idioventricular beat occurred. 

We believe, therefore, that a supernormal phase Avas present during 
the recovery period of the junctional tissues. The characteristics of the 
tissue in the region Avhere block occurred Avere such that the penetration 
of an impulse into this region from bcloAv, or the successful transmis- 
sion of an impulse from above, Avas the only circumstance Avhich induced 
supernormal conductivity. As might be anticipated, the boundaries of 
the interval during Avhich the depressed region conducted varied slightly 
from day to day, particularly its upper boundary. Nevertheless, the 
limits of this interval remained remarkably constant, considering the 
variety of circumstances under Avhich observations Avere made. 

Chronic complete heart block ultimately occurred, and if is probable 
that the conduction defect Avas due to an organic lesion. Since it has 
been adequately shown that the existence of a supernormal recovery 
phase is an abnormal phenomenon associated Avitli tissue injury, if is 
logical to assume that conditions Avere such as to faA'or its production in 
this case. In none of our records in Avhich there Avas partial block Avas 
there evidence that a supernormal phase played a role in determining 
the cardiac mechanism. Rather, there Avere indications that recovery 
and fatigue Avere acting in the ordinary Avay; in one instance, when 
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auricular slowing was produced by carotid sinus pressure, there was 
continuous, although prolonged, A-V conduction for a short period 
(Pig. 6). 

A review of the electrocardiograms published by Cheer and T’Ang, s 
and Sachs and Traynor, 9 which show paroxysmal complete heart block, 
suggests that the peculiarities of conduction which they observed might 
also be explained by assuming the occurrence of a supernormal phase 
during the recovery period of the junctional tissues. 




Fig. 6. — Case 1. Oct. 25, 1937. Beginning at A and terminating at B are eighteen 
responses of the ventricle to the slowed auricle. Result of right carotid pressure. 
Heavy vertical line represents right carotid pressure. Idioventricular beats marked 
X. Record is not continuous. 


Case 2. — 0. S., a GS-year-old white woman, was admitted to the University Hos- 
pital for the first time on Sept. S, 1933. She then complained of intermittent vaginal 
bleeding which had been present for two years. There were no symptoms referable 
to the cardiovascular system. 



Fig. 7. — Case 2. Dec. S, 1933. Complete heart block with abnormal ventricular 
complexes. Ventricular rate 3.1 per minute. QRS interval 0.11 second. Premature 
P-waves marked X in all leads, inverted in II and III. QRS-P interval 0.12 to 0.14 
second. 


On physical examination the patient was very obese. The heart was not enlarged. 
The heart rate was approximately S4 per minute and the beating was regular. There 
were no murmurs. The blood pressure was 200/118. A few rales were heard at the 
bases of the lungs, but there were no other signs suggestive of cardiac failure. Pelvic 
examination revealed adenocarcinoma of the cervix, a diagnosis proved by biopsy. 
Radium and deep roentgenotherapy were employed with good immediate result and 
there lias been no recurrence of the tumor. 
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After leaving the hospital the patient began to notice edema and severe dyspnea. 
When re-examined on December 7, 1933, the blood pressure was essentially unchanged, 
but the heart rate was only 37 per minute. The beating was regular. All of the 
signs of moderate congestive cardiac failure were present. The presence of complete 
heart block was confirmed by an electrocardiogram (Fig. 7) taken Dec. S, 1933. 
The ventricular complexes of this record are strikingly abnormal, and the QRS in- 
terval measures 0.14 second. In addition, some of the ventricular complexes are de- 
formed by premature P deflections which are inverted in Leads II and III. 



Dip. s. — Case 2. Dec. G. 1937. A. Complete heart block with abnormal ventricular 
complexes. Note in all leads slight deformation of the terminal part of the QR»- 
complexes marked X; interpreted as abnormal P -waves, b, Rsoplmgeal lead. 
quent premature auricular contractions following ventricular beats marked x. Il-I 
interval measures 0-115 to 0.135 second. Record continuous. 

A few days after the patient was admitted to the ward auricular fibrillation de- 
veloped. The ventricular beating became irregular, indicating that the ventricles 
were responding to the fibrillafing auricles. The ventricular rate was relatively 
slow and after the longer pauses ventricular escape frequently occurred. The ven- 
tricular complexes of the idioventricular beats were of the same form as those re- 
corded previously, but the ventricular complexes of the sequential beats were of a 
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more normal type. They displayed pronounced left axis deviation, but tile QKS in- 
terval was about 0.11 second. Deflections of this hind suggest the presence of in- 
complete left bundle branch block. Digitalis had been given just prior to these de- 
velopments and when it was discontinued the auricular fibrillation disappeared and 
normal sinus rhythm returned. There was no further change in the contour of the 
ventricular complexes. 

It was not until four years later that the patient was again examined. At this 
time complete A-V block was again present. In Lead III (Fig. 8 A) occasional dif- 
ferences in the termination of the S-wave near the isoelectric line (Fig. 8 A, marked 
X) suggest the occurrence of premature inverted P-waves similar in origin to those 
recorded in the tracings taken four years earlier (Fig. 7). In order to demonstrate 
auricular deflections to better advantage, esophageal leads were taken. The most 
satisfactory for our purpose is that taken with the esophageal electrode 35 cm. 
from the patient’s lips (Fig. 8 B). 



Measurements made from the beginning of each QRS complex de- 
formed by a premature P-wave to the preceding P deflection show that 
these deformed complexes fall during a well-defined interval. Over the 
four-year period of observation the limits of this interval are fairly 
constant. Its extreme limits extend from 0.32 second to 0.65 second 
after the preceding P-wave. 

If we assume that the premature P-waves represent retrograde con- 
duction, an explanation based on the concept of the supernormal phase 
is suggested. In this instance the supernormal phase is produced by 
the penetration of the auricular impulse into the region of depressed 







534 


THE AMERICAN HEART JOURNAL 


conductivity and permits retrograde conduction. A chart (Chait III) 
illustrating this mechanism has been constructed after the same plan as 
that used for Case 1. 

Cases of a similar kind have frequently been reported in the litera- 
ture. Some writers (Cohn and Fraser, 10 Wilson and Robinson, 11 and 
Barker 12 ) have considered the abnormal premature P-waves to be the 
result of impulses arising in the lower auricular or upper junctional 
tissue. Others (Danielopolu and Danulcsco, 13 and Wolfcrth and Mc- 
Millan 14 ) believed that they were due to the occasional retrograde t rans- 
mission of one of the idioventricular impulses. In these cases it is pos- 
sible that supernormal conductivity was present, although the examina- 
tion of the published tracings does not prove this conclusively. 

DISCUSSION 

Supernormal conductivity in Case 1 was produced by penetration of! 
a ventricular impulse into the depressed region and by successful A-V 
transmission through it. It is of interest to point out that during the 
periods of asystole there was always auricular acceleration until the 
P-P intervals were within the boundaries of the supernormal phase as 
outlined in Chart I. However, there was never resumption of A-V 
transmission until an idioventricular beat occurred. This indicates that 
auricular impulses were ineffective in modifying the conducting prop- 
erties of the blocked zone unless they passed completely through it. On 
the other hand, the idioventricular impulses were able to set up a super- 
normal phase in spite of the fact that they never passed t he region 
of block. 

An opposite situation was present in Case 2. Here auricular impulses 
which presumably penetrated but did not pass the depressed region were 
effective in producing supernormal conductivity. In view of what has 
been said regarding Case 1 it is logical to expect that successful V-A 
transmission would also produce a supernormal phase. If such were the 
case, A-V transmission should have been resumed if the following P-wavc 
fell within the supernormal phase produced by the retrograde impulse. 
Since each retrograde impulse was followed by a compensatory pause 
before discharge of the next auricular systole, this systole was always 
too late to reach the depressed region during t lie supernormal period. 

Why a supernormal phase in atrioventricular conductivity should 
load in one case to improved A-V conduction and in another case 1o 
improved V-A conduction is not altogether clear. 

SUMMARY 

Two cases of transient complete heart block are reported in which 
there was a supernormal phase in flic conductivity of the depressed 
region. In the first case, penetration of the depressed zone by an im- 
pulse arising in Ihe ventricle produced a supernormal phase during 
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which A-V conduction occurred. The conducted impulse in turn gave 
rise to a supernormal plia.se which permitted the next impulse to pass, 
so that normal sinus rhythm was established. It was maintained until 
auricular slowing caused the auricular impulse to fall outside of the 
period of supernormal conductivity. In the second case, impulses aris- 
ing in the auricle produced in the depressed zone a supernormal phase 
which permitted retrograde conduction. 

The authors wish to acknowledge their appreciation of the valuable suggestions 
and assistance of Dr. Frank N. Wilson and Dr. Franklin D. Johnston in this 
study. 

REFERENCES 

1. Adrian, E. D., and Lucas, Iv.: On the Summation of Propagated Disturbances 

in Nerve and Muscle, J. Physiol. 44: 68, 1012. 

2. Adrian, E. D.: Recovery Process of Excitable Tissues, J. Physiol. 54: 1, 1920. 

3. Ashman, R.: Conductivity in Compressed Cardiac Muscle: II. Supernormal 

Phase in Conductivity in Compressed Auricular Muscle of the Turtle Heart, 
J. Physiol. 74: 140, 1925. 

4. Lewis, T., and Master, A. M.: Supernormal Recovery Phase, Illustrated by 

Two Clinical Cases of Heart Block, Heart 11: 371, 1924. 

5. Wilson, F. N., and Herrmann, G. R.: Some Unusual Disturbances of the 

Mechanism of the Heart Beat, Arch. Int. Med. 31: 923, 1923. 

6. Ashman, R., and Herrmann, G. R.: Supernormal Phase in Conduction and a 

Recover} 1 Curve for the Human Junctional Tissues, Ah. Heart J. 1: 594, 
1926. 

7. Wolfertli, C. C. : So-called Supernormal Recovery Phase of Conduction in 

Heart Muscle, Ah. Heart J. 3: 706, 1928. 

S. Cheer, S. N., and T’Ang, T. Iv.: Transient Complete Heart Block With 
Adams-Stokes Attacks and Normal Auriculo-Ventricular Conduction Be- 
tween Attacks, Chinese M. J. 46: 1081, 1932. 

9. Sachs, A., and Traynor, R. L. : Paroxysmal Complete Auriculo-Ventricular 
Heart Block, Ah. Heart J. 9: 267, 1933. 

10. Cohn, A. E., and Fraser, F. R.: The Occurrence of Auricular Contractions in 

a Case of Incomplete and Complete Heart Block Due to Stimuli Received 
from the Contracting Ventricles, Heart 5: 141, 1914. 

11. Wilson, F. N., and Robinson, G. 6.: I. Two Cases of Complete Heart Block 

Showing Unusual Features, Arch. Int. Med. 21: 166, 1918. 

12. Barker, P. S.: The Occurrence of Auricular Beats Due to Stimulation of the 

Auricles by the Contracting Ventricles During Complete Heart Block, 
Ah. Heart J. 1: 349, 1926. 

13. Danielopolu, D., and Dauulesco, V.: Sur la Conductibilite Retrograde et sur 

la Phase Refractaire de 1 ’Oreillette, Arch. d. mal. du Coeur 15: 365, 1922. 

14. Wolfertli, C. C., and McMillan, T. M.: Observations on the Mechanism of 

Relatively Short Intervals in Ventriculoauricular and Auriculo-Ventricular 
Sequential Beats During High Grade Heart Block, Ah. Heart J. 4: 521, 
1929. 



THE MEASUREMENT IN MAN BY A PNEUMOCARDIO GRAPHIC 
METHOD OF THE EXCESS OF ARTERIAL OUTFLOW FROM 
THE CHEST OYER, VENOUS INFLOW DURING THE 

HEART CYCLE 

H. A. Blair, Ph.D., and A. M. Wedd, M.D. 

Rochester, N. Y. 

T HE early literature on the pneumoeardiogram has been reviewed by 
Luciani 1 (1911) and by Klewitz 2 (1918). The first description of 
the negative thoracic pulse is attributed to Buisson, in 1861. Mosso. 
in 1878, using a Marey tambour connected with the nasal cavities, first 
satisfactorily recorded intrathoraeic pressure changes. In 1SS7, Luciani 
observed by means of a balloon in the esophagus those variations in 
thoracic pressure that are due to the heart’s action. These and later 
observations indicate that during systole more blood leaves the thorax 
than returns, while later in the cardiac cycle the deficit is made up 
by an excess of venous return over arterial output. However, contrary 
views have been expressed which assert that arterial movement is imme- 
diately compensated by venous, with the result that the blood content 
of the thorax is practically constant during the cardiac cycle. 

Measurements of intrathoraeic pressure changes made to determine 
the excess of outflow from the chest over inflow are usually calibrated 
by the method of Wiedemann 3 (1919), in which a manometer connected 
with the mouth, nose, or trachea records intrathoraeic pressure changes. 
Comparison of the initial excursion with that which results when a 
known volume is introduced into the recording system by adding a 
bottle of air forms the basis of calibration. The validity of the method 
depends on the constancy of the volume of the thoracic cavity, a con- 
dition which is probably never fulfilled. 

In the method here presented those movements of the chest wall due 
to the heart beat are recorded with an ordinary pneumograph* con- 
nected with a membrane manometer whose movements, when photo- 
graphed, give records such as Fig. Irr, in which an upward deflection 
corresponds to a diminution of chest volume. Comparison with the 
electrocardiogram indicates that the thorax collapses for about onc- 
sixth of the cardiac cycle and expands during the remainder. To 
determine the extent of collapse, t lie nose is held and a suitable rubber 

From the 'Departments of Physiology and Medicine, School of Medicine and Den- 
tistry. the University of Rochester, Rochester, N. Y. 

Received for publication Oct. 10, 103S. 

•This is a closed rubber tube, 37 cm. lonp and 2 cm. in diameter, distended by a 
coll sprint:, made by the Harvard Apparatus Company. The recording tambour is a 
segment capsule about 2.3 cm. in diameter, covered with sheet rubber 0,13 mm. 
thick. The membrane can be kept quite tight and still allow ample excursion of the 
light beam at 1..7 M. 
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bulb is connected with the mouth by a glass tube. The bulb is then 
squeezed to force into the lungs its contained air, or alternatively, it 
may be allowed to expand from the empty state and thus remove air 
from the lungs. This procedure brings about a shift in the level of the 
oscillations due to a change in the volume of the thorax which is equal 
to the volume of air in the bulb. A comparison of the extent of the 
oscillations of the record with this shift permits direct measurement 
of the decrease in volume brought about by the net loss of blood from 
the thorax during the early part of the cardiac cycle. 

There appears to be but one important assumption in this method, 
namely, that the addition to, or the removal from, the thorax of a given 
volume of blood will affect the chest wall in the same way as the addition 
or removal of an equal volume of air. This is equivalent to assuming 
that the lungs remain in continual apposition to the chest wall and to 
the thoracic organs and vessels, and that a pressure change occurring 
in one part of the lungs is readily distributed over the whole. This 
assumption appears valid. It is, of course, also assumed that the pres- 
sure within the lungs returns to its original value after the introduction 
or removal of the calibrating air. This condition seems to be satisfied 
except occasionally in subjects who cannot hold their breath without 
small involuntary respiratory movements. It may be checked, however, 
by registering the pressure in the mouth when air is introduced or 
removed, and noting whether that pressure, and therefore the pressure in 
the lungs, returns to normal, which it will do if the glottis be open. 
Such a record is shown in Fig. 2 and will be described later. 

A typical calibration record, using a bulb of 24 c.c. capacity, is illus- 
trated by Fig. lb. It will be seen that the tracing rises as a result of the 
removal of air from the thorax by means of the bulb, and that the 
displayed tracing tends to fall slowly. This is due to a small leak 
in the system through a short length of thermometer tubing which is 
introduced so that the light beam will return promptly to the camera 
when the breath is held. In the original record the base line displace- 
ment is 17 mm. and the height of the wave about 25 mm., measured 
from the point A to B. Thus the-f hange in the volume of the thorax 

25 

with the heart beat is x 24 = 35 c.c. Measurement is made from 

A to B because the downward wave that just follows the R-wave of the 
electrocardiogram is due to the apex thrust of the heart. Since this 
wave varies from a small oscillation in some subjects (e.g. Fig. la) to a 
large wave such as that seen in Fig. lb in others, it is clear that it should 
not be included in the volume change attributed to the movement of 
blood. 

As already mentioned, when the pressure in the lungs is recorded 
simultaneously and is seen to return to its initial level the method is 
more reliable. Fig. 2 represents such a record; the upper tracing is 




Fig. l. — a, Lead I of the electrocardiogram and a normal pneumocardiogram with 
the pneumograph just below the sternum. An upward movement is due to collapse of 
the thorax, b, Calibration in another subject. The displacement of the tracing Is 
due to the removal of 21 c.c. of air from the lungs. There is a large apex thrust, 
shown by the downward movement (expansion of the thorax) occurring just after the 
R-wave. c, Upper record from the mouth with the glottis open, a rise in the tracing 
denoting a fall in the pressure in the mouth. Lower record, simultaneous pneumo- 
cardiogram. d, Simultaneous records of the pneumograph on the chest and of the 
pressure in the mouth with the glottis closed. The tracing from the chest goes lower 
and that from the mouth gives the left hand peaks of the pairs at the top. All 
records taken with the subject sitting. 




mu muuiii «ii t; uuv u.» nit: iiiwumuvviv..i vn - * . — _ ' . 

The upward deflect Ion is caused by the removal of 1\ c.c. of air. There was a leak in 
the pneumograph recorder, none in the mouth-pressure recorder. 


the pneumogram and the lower is from a manometer connected with the 
mouth. The first large downward deflection of the tracing from the 
mouth is due to the introduction of 24 e.e. of air from Ihe hull); flic 
second large defied ion. which is upward, is due to the more rapid 
removal of 24 e.e., and the third deflection, a tm in downward, to reintro- 
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during 24 c.e. The chest expands or contracts in response to the bulb. 
There is some drift of the chest tracing because of the leak. It can be 
seen that the mouth pressure returns to about its initial level in each 
instance, indicating that the lung pressure does also, since the glottis is 
open. The evidence for an open glottis is the small oscillation of the 
mouth tracing, a point which will be discussed later. 

By this method of calibration we have measured the excess of arterial 
outflow over venous inflow during the cardiac cycle in four subjects. 
For the first, the average of twelve measurements was 26 c.e., the upper 
and lower limits being 30 c.e. and 23 c.e., respectively. For another 
subject, four determinations, made on different days, ranged from 26 
c.c. to 37 c.c., with an average of 32 c.e. A third subject, on one occasion, 
gave three values from 25 to 28 c.c., and a fourth, 26 c.e. and 28 c.c. 
for two estimations. The average value for the four subjects was 28 c.c. 
Variations are due in part to real variation in output, and in part to 
inaccuracies in the method. When mouth pressure is recorded simul- 
taneously, the variations are referable largely to the choice of points 
from which the deflections are measured, and to the effect of the leak, 
neither of which is likely to amount to more than a few cubic centi- 
meters. In any ease, it may be concluded that the excess of output 
over inflow is of the order of 30 c.e. 

These values are much higher than those obtained by the method of 
Wiedemann. 3 For example, Hamilton 4 (1930) concluded that in man 
there cannot lie more than about 1 c.c. excess of arterial outflow over 
venous inflow, and that this occurs only during the first sixth of the 
cardiac cjmle. His conclusion necessitates the further one that venous 
return occurs for the most part only during systole. Likewise, Klewitz 
and Baumm 5 (1921) reach a similar conclusion from dog experiments; 
their figures for excess of outflow range from 0.22 c.e. to 0.48 c.e. It is 
evident that the very factor on which the present method is based, the 
movement of the thoracic wall in response to internal pressure changes, 
is just the one which introduces a large error into the Wiedemann 
method, for any compensatory movement of the chest wall or diaphragm 
will diminish the pressure changes in the mouth. 

Inasmuch as most observations on the pneumocardiogram, including 
those reported recently, have been made with oral recording, it is de- 
sirable to compare simultaneous tracings from the mouth and chest. In 
the example Fig. lc, the upper tracing is from the mouth with the 
glottis open and the lower is from the chest wall. It will be noted that 
the tracing from the mouth begins to rise just after the peak of the 
R-wave, indicating lowering of mouth pressure, and it continues upward 
as the chest tracing goes downward. This rise is simultaneous with the 
beginning of the downward movement of the chest record due to the 
apex beat. The relationship is explained by the fact that the apex beat, 
which is associated with an outward movement of the chest wall, lowers 
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the pressure in the lungs, and so the mouth pressure will begin to decline 
with the apex beat and continue while ejection takes place, whereas in 
the chest tracing apex beat and ejection give rise to movements which 
are opposite in direction. It will also be seen that the pressure in the 
mouth reaches its minimum before the size of the thorax does. This is 
to be expected, since the mouth pressure will be low only until the chest 
walls have collapsed sufficiently to restore the lungs to atmospheric pres- 
sure. In other words, the tracing from the mouth registers only the 
lag of the chest wall and the diaphragm in their movements to compen- 
sate for pressure changes in the lungs. 

Moreover, the influence on the tracing from the mouth of blood going 
to the tissues of the mouth and throat, as well as that of air pressure 
changes in the lungs, must be considered. This is illustrated by Fig. 
Id, which shows simultaneous tracings from the chest and mouth with 
the glottis closed. Here it is seen that the pressure in the mouth begins 
to increase rather than decrease just before the chest begins to collapse, 
reaches a maximum, and then declines slowly. Thus, with the glottis 
open, lowering of the pressure in the mouth secondary to the lowering 
in the lungs is compensated to some extent by a rise in mouth pressure 
produced by the pulse in surrounding tissues. The entry of this factor 
can be seen as a notch on the rise of the tracing made with the glottis 
open (Fig. lc), but its importance is difficult to estimate because when 
the glottis is open the volume of air in the recording system is greatly 
increased by the addition of the lung volume. Some subjects show 
more sustained lowering of mouth pressure when the glottis is open 
than in the illustration used, perhaps because of a tendencj r for the 
glottis to close when air is taken from the mouth to the lungs. 

Attempts to obtain records with both the mouth and the glottis open 
were made in order to see whether the thoracic movement was appre- 
ciably altered when compensation was possible by air movement through 
the trachea. Without recording, it is difficult to be certain that the 
glottis is open, but from records taken when the glottis was thought 
to be open the chest movement was practically tmehanged in ampli- 
tude, though perhaps slightly in form. It appears easier for internal 
pressure changes to move the chest wall than to force air through the 
trachea. 

From such considerations it is clear that the tracing from the mouth 
alone cannot give an accurate measure of the flow of blood to and from 
the thorax, and that the assumption of negligible compensation by the 
chest wall and diaphragm is untenable. Indeed, it appears that the 
flexibility of the thoracic cage and the diaphragm is so great that it 
introduces into the calibration by the Wiedemann method an error 
which amounts to approximately 90 per cent. It may be added that the 
flexibility of the thorax favors arterial rather than venous flow. While 
normally the aspiratorv action is not very important, if the chest were 
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rigid the outflow from the chest would exert its aspiratory effect almost 
entirely on the inflow, and then energy would be lost by the arterial 
system. Reduced flexibility due to rigidity of the lungs must signifi- 
cantly alter cardiodynamics. 


SUMMARY 

The movements of the chest wall caused by the heart beat were re- 
corded photographically from an ordinary pneumograph during sus- 
pended respiration. To calibrate the excess of outflow of blood from 
the chest over inflow during the early part of the cardiac cycle the 
oscillations of the record were compared with the displacement obtained 
by introducing into the thorax, or removing from it, 24 c.c. of air by 
way of the mouth. It is concluded that the excess of arterial outflow 
over venous inflow is approximately 30 c.c. Reasons for the low values, 
about 1 c.c., which have been obtained previously by tracings from the 
mouth alone are discussed. 
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CIRCULATORY EFFECTS OF INTRAVENOUS INJECTION OF 
FIFTY PER CENT DEXTROSE AND SUCROSE SOLUTIONS IN 
PATIENTS WITH HEART DISEASE* 

Laurence B. Ellis, M.D., and James M. Faulkner, M.D. 

Boston, Mass. 

I N THE practice of clinical medicine and surgery the intravenous ad- 
ministration of 50 per cent dextrose solution is a therapeutic measure 
commonly employed in a variety of conditions and with various ends in 
view. Its use has been advocated with the object of supplying needed 
sugar, of raising arterial blood pressure and increasing blood volume, 
of reducing intracranial tension, and of effecting diuresis. Dextrose 
is frequently administered to patients with heart disease either with 
the purpose of benefiting the cardiac condition itself or as therapy for 
some other condition when the heart disease is incidental. 

In spite of the widespread use of this substance and the numerous 
clinical reports in the literature, there is a paucity of reported experi- 
mental studies dealing with its actual effect on the hemodynamics of 
the circulation in man. 

A number of experimental studies on animals have been reported 
concerning the effect of hypertonic dextrose solution on the minute- 
volume output of the heart, the blood volume, the arterial blood pres- 
sure, aud the heart rate. Kisch, 1 using a 4 per cent dextrose solution 
in physiologic saline, and Mazzola and Torrey, 2 employing a 50 per cent 
solution, found that in the cat there was an increase in cardiac output 
persisting from 30 minutes to two hours. Onozaki 3 found that the 
injection of 25 per cent dextrose solution produced the same effect in 
the rabbit. Hamm and Pilcher 4 reported that one and two hours after 
a large injection (100 c.c. per kilogram body weight) of 50 per cent 
dextrose solution in dogs the cardiac output was usually somewhat re- 
duced. Several studies 3 ’ Gi 7 have been made in animals indicating that 
the plasma volume is increased immediately following the injection of 
hypertonic dextrose solution. Most investigators agree that when hyper- 
tonic solutions of dextrose are administered experimentally to animals 
in quantities proportionally greater than were used in the present study 
there is a moderate increase in blood pressure after an initial drop, the 
rise persisting for one to two hours. Unless very large amounts of solu- 
tion are given the heart rate shows no change, or even decreases. 

•Rend bv title before the American Socletv for Clinical Investigation. Atlantic: 
City. X. J., May 2, 1938. 

From the Thorndike Memorial laboratory. Second and Fourth Medical Services 
(Harvard). Boston City Hospital, nnd the Department of Medicine, Harvard Medical 
School, Boston. 
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111 mail the reported work on the effect on the circulation of injecting 
hypertonic dextrose solutions is very meager. Gibson and Evans 8 found 
that following the intravenous injection of 50 c.c. of 50 per cent dex- 
trose solution into a normal subject there occurred within five minutes 
an increase in blood volume of about 200 c.c. Massermann® noted no 
change in arterial blood pressure or heart rate during or following the 
injection of large amounts (up to 200 gm.) of hypertonic dextrose solu- 
tion, although Yesko, Passalacqua, and Judd 10 found a transitory in- 
crease in systolic blood pressure and heart rate and a decrease in diastolic 
pressure after the injection of about 1000 c.c. of 1 per cent salt solution 
containing 10 per cent dextrose. 

Certain reported studies concerning the hemodynamic effects of the 
injection of comparatively large amounts (500 to 1500 c.c.) of isotonic 
or mildly hypertonic (5 per cent dextrose in normal saline) solutions 
are pertinent to our study. In the papers of Gilligan, Altschule, and 
Volk 11 and Altschule and Gilligan 12 it was shown that in persons with 
normal cardiovascular systems there was an increase in plasma and 
blood volumes immediately following the injection. The magnitude of 
this increase was dependent on the rate of injection and might persist 
for two hours. If the rate of injection exceeded 20 c.c. per minute, con- 
siderable increases in venous pressure, cardiac output, and velocity of 
blood flow, and occasionally in pulse rate and pulse pressure, occurred 
during the injection. The increase in venous pressure never lasted more 
than ten to twenty-five minutes. 

Caughey 13 and Richards, Caughey, et ah, 14 could demonstrate very 
little change in venous pressure when 1500 to 2500 c.c. of normal saline 
were infused into normal individuals at a rate of 50 c.c. per minute, 
but when cardiac patients were studied a progressive rise in venous 
pressure occurred. 

Recently there have appeared reports advocating the intravenous ad- 
ministration of 50 per cent sucrose solution, rather than dextrose, in 
certain clinical conditions. Keith, Wakefield, and Power 15 demon- 
strated that large amounts could be given intravenously to man without 
loxic effect and that it was excreted quantitatively in the urine within 
twenty-four hours. Because the sucrose molecule, being larger and less 
diffusible than dextrose, theoretically should remain in the blood longer, 
and since it was neither broken down, nor utilized, nor stored in the 
body, it appeared rational to believe that hypertonic sucrose solutions 
would be more efficient than dextrose in maintaining blood volume and 
in causing diuresis, and would not produce the secondary rise in spinal 
fluid pressure which had been observed following the injection of dex- 
trose. The studies of Bullock, Gregersen, and Kinney 16 on dogs, and 
the work of Massermann 17 concerning the effect of sucrose on reducing 
spinal fluid pressure in man, and that of Murphy, Hershberg, and Tvatz is 
on its action in relieving intracranial tension in patients with severe 
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arterial hypertension, as well as certain reports regarding its diuretic 
effect, 10 - 20 have tended to confirm the theoretical basis for the value of 
sucrose. No work on the effect of this substance on the hemodynamics 
of the circulation has been reported other than the observation that 
massive injections (300 to 500 e.c.) of a 50 per cent solution produce 
little effect on the blood pressure. 18 

Although it is generally assumed that the use of either 50 per cent 
dextrose solution in quantities up to 100 c.c. or of larger amounts of 
isotonic or mildly hypertonic solutions is a relatively safe procedure, 
serious reactions have been observed. Clark 21 has reported two deaths 
after the administration of 500 c.e. of a 10 per cent solution of dextrose 
in normal saline, and one following a like amount of normal saline. 
The question always arises whether the mode of injection, the substance 
itself, or some extraneous factor is responsible for such an untoward 
happening. 

The present study was undertaken to ascertain what changes actually 
take place in the circulation of cardiac patients as well as of individuals 
with normal cardiovascular systems during and following the intra- 
venous injection of 50 per cent dextrose and sucrose solutions. From 
such a. study information may be gained regarding the therapeutic 
effectiveness and possible dangers of this procedure. 

METHOD 

All procedures were carried out with the patient recumbent following a period of 
rest long enough to stabilize the arterial blood pressure and the heart rate. The 
sugar solution was warmed and injected into an antecubital vein at a rate of 30 c.c. 
a minute. A total of 100 c.c. was given in each instance. Ordinary commercial 
ampules of dextrose solution were employed. The sucrose used was in part a com- 
mercial preparation* and in part consisted of several lots made up in the laboratory 
by dissolving commercial sucrose in freshly distilled water and sterilizing it by 
passage through a Berkefcld filter. 

Once or twice the subject complained of pain at the site of the injection or along 
the course of the vein. If this occurred the experiment was stopped. Of the sub- 
jects receiving dextrose one complained of slight chilliness forty-five minutes follow- 
ing the injection and one had a mild chill after forty-five minutes. There were 
more reactions following sucrose. On two occasions mild chilliness occurred about 
an hour after the injection and in five instances chills, varying from mild to severe, 
took place in from one to two hours. These chills bore no relationship to the lot of 
sucrose employed and may well have been caused by the procedure for determining 
venous pressure, in which it was necessary to infuse saline solution very slowly over 
a period of about forty-five minutes. Otherwise the patients experienced no sub- 
jective sensations during or following the injection. No definite beneficial effect on 
the patient’s clinical state as the result of the administration of the sugar was 
apparent. 

Observations were made of the arterial and venous blood pressures, the heart rate, 
and relative changes in the plasma volume ns estimated by alterations in the plasma 
protein and hematocrit values. The arterial blood pressure was measured with a 
mercury manometer by the auscultatory method. The venous pressure was obtained 

*\Vc are indebted to Eli Lillv and Company for supplying us with ampules of SO 
I>cr cent sucrose solution. 
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by the direct method of Moritz and von Tabora 22 ; readings were taken at one- to 
two-minute intervals throughout the period of injection and usually for about thirty 
minutes thereafter. For any subsequent determinations the needle was reintroduced. 
A total of about 50 c.c. of physiologic saline solution was injected while obtaining 
the venous pressures, an amount insufficient to produce any demonstrable effect on 
the venous pressure. 

Relative changes in plasma volume were estimated by determining the hematocrit 
and plasma protein values at intervals following the injection of sugar. Since the 
total protein content of the plasma can be assumed to be unchanged during the 
period of the experiment, any change in its concentration is a proportional reflection 
of change in the water content of the plasma resulting from the injection. The 
plasma proteins were determined by a modification of Howe’s method. 23 

Changes in hematocrit values similarly reflect changes in the plasma volume, but, 
because of the possibility that the hypertonic solution may cause some shrinkage 
in cell volume or that the procedure might conceivably alter the total number of 
circulating erythrocytes, this determination is probably a much less accurate estimate 
of change in plasma volume than is the calculation of change in the plasma proteins. 
The proportional alteration in plasma volume as estimated by hematocrit change was 
calculated from a slight modification of the formula of Landis, Jonas, Angevine, and 
Erl) 2 * : 


Percentage change in plasma volume = 


f 100 -5. -100 1 x — - — , where C equals 

L C, J 100-C 


relative cell volume of blood before the injection of sugar, and C, equals relative 
cell volume following injection. 

The estimation of changes in plasma volume by plasma protein determinations 
has been compared by Gilligan, Altschule, and Volkn with the .determination of blood 
volume by the method of Gibson and Evans 3 and found to be accurate. A full dis- 
cussion of this subject is given in the paper of Gilligan, Altschule, and Volk.n 

Thirty-six studies were made, nineteen with dextrose and seventeen with sucrose. 
Two of the subjects to whom dextrose was given had no evidence of cardiovascular 
disease; the remainder had heart disease. Of these, three were convalescent from 
congestive failure, and two had suffered coronary thromboses four and six weeks 
previously but did not have congestive failure. The remainder were suffering from 
congestive failure varying in degree from mild to very severe. The majority of this 
group had both right- and left-sided failure and most of them were severely de- 
compensated. 

Of those to whom sucrose was given, three had no cardiovascular disease and 
the remainder had heart disease. Five of these were compensated at the time of 
the study and the others were suffering from varying degrees of failure. 

Of the total group of cardiac patients, the etiology of the heart disease was hyper- 
tension or arteriosclerosis in 20 ; in five it was rheumatic, and in one it was syphilitic. 
Five patients were given both sucrose and dextrose. 


RESULTS 

1. Effect of Clinical Condition on the Besponse . — Although there was 
considerable variation among different individuals in the results ob- 
tained, the cardiac patients tended to respond in the same general way 
as did the control subjects, and the etiology of the heart disease or the 
degree or type of heart failure did not apparently influence the response 
obtained. Because of this and because there were too few patients in 
each category to permit of statistical analysis, the findings on all sub- 
jects are tabulated together. 



Tin: Effect ok the Intravenous Injection ok 100 c.c. ok 50 Per Cent Dextrose Solution on the Venous Pressures and the Plasma 

Volume in Two Control Subjects and Seventeen Patients with Heart Disease 
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2. Dextrose Versus Suci'ose. — Although one might expect on theo- 
retical grounds that a given dose of sucrose might have a more prolonged 
action than the same amount of dextrose, this was not apparent in the 
results. The great individual variation in the responses prevented ac- 
curate analysis of the results, but in general the effects produced by 
dextrose and sucrose were similar. Both sucrose and dextrose were ad- 
ministered to five patients. All of them showed a tendency to react in 
a similar fashion to both substances. 

3. Arterial Blood Pressure and ■ Heart Bate. — Very little effect was 
observed on arterial blood pressure or on the heart rate. In four in- 
stances either the systolic or diastolic blood pressure, or both, increased 
from 10 to 22 mm. Hg for a short time following the injection, and 
in five cases the pressure fell a like amount. In the remainder there 
was no essential change. 

In seven cases the heart rate increased from 8 to 10 heats per minute, 
and once the increase was 20 beats. These increases lasted, as a rule, 
a very few minutes following the cessation of injection. The remaining 
twenty-nine subjects showed pulse rate changes of less than S beats per 
minute, usually none at all. 

4. Venous Pressure. — There was a tendency for the venous pressure 
to increase throughout the injection and to start to drop again immedi- 
ately on its cessation. In one instance there was a slight drop of venous 
pressure during the injection; in every other case it increased, the rise 
varying from 0.5 to 7 cm. of water, with an average of 2.6 cm. for 
those who received dextrose, and 3.5 cm. for those who received sucrose. 
There was no correlation between these changes and the presence or ab- 
sence of heart disease or the extent or type of heart failure, with the 
initial level of the venous pressure, or with the amount of increase in 
plasma volume. The venous pressure had usually returned to the con- 
trol level within ten minutes after the injection. In six instances it. 
remained elevated by 2 cm. or more for thirty minutes, but in all but 
one of these cases it had reached the control level in one hour. In a 
few instances it fell below the control level at the end of thirty to 
sixty minutes. This was probably caused largely by increased mental 
and physical relaxation on the part of the subject, but may in part 
have been the result of a decrease in blood volume caused by the diuretic 
effect of the hypertonic injection. 

5. Plasma Volume. — The maximum dilution of the blood plasma, as 
estimated from the changes in the plasma proteins, took place almost 
always within one minute after the end of the injection. This increase 
in plasma volume was in most instances maintained for about thirty 
minutes, but had usually disappeared in from sixty to ninety minutes. 
In three cases only was any appreciable increase in plasma volume main- 
tained for sixty minutes (15, 12, and 8 per cent, respectively). Of the 
nine patients in whom plasma volume changes were studied at the end 
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of one minute, the increase ranged from 3 to 17 per cent, with an 
average of 13 per cent (equivalent to approximately 400 c.c. of fluid). 
In twenty-two patients the change in plasma volume at the end of 
thirty minutes was noted. In two eases it had fallen below the control 
level (-3 and -8 per cent respectively). In the remaining twenty it 
was still elevated by from 1 to 19 per cent, with an average of 9.1 
per cent. The apparent decrease of plasma volume which occurred 
ten times at the end of sixty to ninety minutes may have been due 
partly to the experimental error of the technique (maximum experi- 
mental error about 4 per cent), but was probably mainly an actual de- 
crease resulting from diuresis caused by the hypertonic solution. 

The figures for changes in plasma volume calculated from the hema- 
tocrit readings are much less reliable than those obtained from plasma 
protein changes. Although the absolute figures often did not agree, 
there was a gross correlation between the two sets of figures. 

DISCUSSION 

The results obtained are consonant with what could be predicted on 
theoretical grounds. When 100 c.c. of 50 per cent dextrose or sucrose 
solution are infused into the circulation, the hypertonic action of the 
sugar rapidly draws fluid into the circulation so that the total increase 
in plasma volume may reach 400 to 600 c.c. As the result of this rapid 
increase in circulating blood volume there is an initial increase in 
venous pressure. The vascular reservoir, however, rapidly adapts itself 
to this change in blood volume, so that the venous pressure promptly 
falls to the control level. At the same time as the increase in plasma 
volume is occurring, physiologic mechanisms are coming into play which 
tend to cause fluid to go out of the blood stream; diuresis is usually 
initiated and the sugar diffuses into the tissue spaces, drawing fluid with 
it. As a result of a balance of these antagonistic forces, the quantitative 
extent of which is unpredictable, the increase in plasma volume may be 
maintained as long as thirty minutes, although the return toward normal 
frequently starts more quickly. In any case, an increased plasma volume 
rarely persists for more than one hour. 

Since it has been shown experimentally in heart-lung preparations 
and in anesthetized animals that an increase in venous pressure causes 
an immediate increase in cardiac output, and since such increase in 
cardiac output with increase in venous pressure has been shown to 
occur in humans following large amounts of isotonic or mildly hyper- 
tonic intravenous infusions, 12 it is reasonable to infer that an increase 
in cardiac output often does take place under the conditions of our 
study. 

These findings have certain practical clinical implications. In the 
first place, we have objective experimental confirmation in man for the 
clinical belief that hypertonic dextrose and sucrose solutions are of bid 
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very temporary value when given to increase blood volume. It is prob- 
able that in states of vascular collapse the increase in plasma volume 
may be of even shorter duration than in the subjects whom we studied. 
The administration of 50 per cent dextrose solution to increase blood 
volume will, however, continue to have clinical usefulness in emergency 
conditions when acute but temporary vascular collapse can be tided 
over, or in more severe shock while waiting for the more effective meas- 
ure of blood transfusion. 

As far as can be judged from these results, there is no essential dif- 
ference between the action of dextrose and that of sucrose on the hemo- 
dynamics of the circulation. 

It is also clear that the injection intravenously of 100 c.c. of 50 per 
cent dextrose or sucrose solution within ten minutes produces a distinct 
strain on the cardiovascular apparatus. Although the absolute burden 
is apparently no greater in cardiac patients than in normal persons, 
such patients have much less reserve for such emergencies. No unto- 
ward results were encountered in the present series, but it seems not 
unlikely that in an occasional case such an extra load on the circulation 
of a patient whose cardiac status is already in precarious balance may 
result in serious consequences. 

The intravenous injection of 100 c.c. of 50 per cent dextrose solution 
at a rate of 10 c.c. per minute is roughly equivalent in its immediate 
effect on the cardiovascular system to the infusion of 500 c.c. of a 5 
per cent solution of dextrose in physiologic saline at a rate of about 30 
to 40 c.c. per minute, or of 1000 c.c. at a somewhat slower rate. The 
clinical use of 50 per cent dextrose solution is therefore rational when 
it is desired to produce the effect of a markedly hypertonic solution or 
to introduce sugar parenterally into the body without giving much fluid, 
but it is not rational to give it with the idea that less strain on flic 
circulation is produced than would result from the injection of a liter 
of 5 per cent dextrose solution. When the latter is given slowly there 
probably results less of an immediate strain. 

SUMMARY AND CONCLUSIONS 

1. The cardiovascular effects resulting from the intravenous injec- 
tion of 100 c.c. of a 50 per cent solution of dextrose or sucrose were 
studied in five control subjects and thirty-one patients with heart disease 
who had varying degrees of cardiac failure. 

2. Slight, or no changes in the arterial blood pressure and heart rate 
occurred. 

3. The venous pressure tended to increase moderately during the 
injection, but began to return toward normal immediately on its com- 
pletion. The increase ranged from 0.5 to 7 cm. of water, with an average 
of 2.G cm. for those who received dextrose and 3.5 for those who received 


sucrose. 
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4. Tlie plasma volume increased from 3 to 17 per cent (average, 13 
per cent) within a minute of the completion of the injection. The rise 
persisted a varying period of time, but usually by thirty minutes the 
plasma volume had begun to fall again and in most cases had reached 
or fallen below the control level within an hour. 

5. No difference in the response was noted which could be correlated 
with the presence or absence of heart disease, or the etiology, degree, 
or type, of heart failure. 

6. The responses obtained with dextrose and with sucrose were similar. 

7. The clinical implications of this study, regarding the efficacy of 
dextrose and sucrose in increasing blood volume, and particularly as 
relating to the strain thrown on the circulation by such injections, espe- 
cially in patients with heart disease, are discussed. 

We are indebted to Miss Sopbia Simmons for assistance in carrying out the techni- 
cal procedures, and to Miss Margaret Adams and her associates for performing the 
plasma protein determinations. 
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THE TETRALOGY OF FALLOT 

Terminal Sepsis With Crossed Emboli 

Richard F. Herndon, M.D., Aloysius Vass, M.D., and 
John J. Donovan, M.D. 

Springfield, III. 

T HE following case seems worth reporting- because of the presence 
of the typical tetralogy of Fallot in a man 49 years of age, and 
because crossed or paradoxical emboli occurred during the terminal 
sepsis. 

REPORT OF CASE 

An American salesman, 49 years, six months, twenty-two days of age, was seen 
(by J. J. D.) March 8, 1938, at which time he was complaining of pain in the 
right lower chest and shortness of breath. 

He was born a "blue baby" and grew up a delicate boy who was not expected 
to live. However, he learned not to hurry and survived two attacks of pneu- 
monia and one of typhoid fever before he was graduated from high school. He 
was drafted during the war but rejected because of his heart disease. At the 
age of 28 years he passed a life insurance examination and received a standard 
polic}'. He always had a great deal of trouble overcoming respirator}' infections. 
All of the doctors who examined him reported prominence of the left chest, a 
"bad heart," a slow pulse rate, and a normal blood pressure. 

On March 6, 1938, he noticed slight redness and tenderness of the tip of his 
nose. By March 8 the condition of his nose had grown worse, and at noon he 
went home and applied moist heat. About 5 p.M. lie became feverish and short 
of breath and developed pain in the right lower chest. 

Examination that evening showed a well-developed and well-nourished, acutely 
ill man, about 50 years old, propped up in bed. His temperature was 103° F., his 
pulse rate 78, and his respiratory rate 36. The nails and mucous membranes were 
very cyanotic. The cheeks were flushed and slightly cyanotic. The tip of the nose 
was swollen, red, and somewhat indurated. The left side of the chest was more 
prominent than the right. The apex impulse of the heart was visible and palpable 
in the fifth intercostal space, and was diffuse in character, with its maximum in- 
tensity between 2 and 3 cm. outside the nipple. Along the left border of the sternum 
there was a rough systolic murmur with its maximum intensity in the second and 
third intercostal spaces. This murmur could also be heard at the apex, but not at 
the base of the neck. In the right axilla there was a patch of persistent, moist 
rales, with roughened bronchovesicular breathing. His blood pressure was 112/76. 
The remainder of the examination revealed nothing abnormal. There was no club- 
bing of the fingers or toes. 

On the following morning he was obviously worse. The cyanosis was more 
marked and he was listless and drowsy. The swelling of the tip of the nose was less 
but there was swelling over the bridge of the nose and about the eyes. The hemo- 
globin was 111 per cent, the erythrocyte count 5,410,000, and the leucocyte count 
6,600 j 74 per cent of the leucocytes were polymorphonuclears. The urine was nor- 
mal. By evening the patient’s neck was slightly stiff and a few dark petechiae were 
noted on the left ear. The pulse rate varied between 78 and 110, dropping once to 
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54. the respiratory rate varied between 20 and 30, and the temperature between 101° 
F. and 104° F. On the morning of March 10 he could not be aroused. There were 
firm edema of the eyelids, cliemosis, and left-sided exophthalmos. The entire body 
was covered with almost black hemorrhagic spots varying from 1 to 3 mm. in di- 
ameter. There were marked cervical rigidity, bilateral Kernig signs, and bilateral 
Babinski signs. A roentgenogram of the chest showed enlargement of the heart and 
diffuse mottling of the lung fields. The enlargement of the heart was toward the 
left. The left upper border was quite straight and there was no shadow in the region 
of the great vessels to the right of the midline. Death occurred at 5:15 r.M., ap- 
proximately forty-eight hours after the patient went to bed. 

Autopsy was performed (by A. V.) three hours after death. Only the thorax and 
abdomen were opened. 

The pleura of the right lower lobe was covered with adherent fibropurulent 
material and the adjacent pleural cavity contained 300 c.c. of cloudy, fiakv fluid. 
Throughout both lungs there were numerous yellow abscesses, some of which 
measured as much as 3 or 4 mm. in diameter. Both lower lobes showed con- 
fluent bronchopneumonia and, in addition, the right lower lobe contained several 
recent hemorrhagic infarcts. There was also purulent tracheobronchitis. 

The liver weighed 2,500 gm. It presented a typical nutmeg appearance and 
showed throughout its substance numerous miliary abscesses similar to those found 
in the lungs. The bile ducts and gall bladder were normal. The spleen weighed 
300 gm. Its capsule was thin, its consistency firm, its color bluish-red, and there 
were miliary abscesses throughout the pulp. The kidneys were normal in size and 
shape, but on section showed marked cloudy swelling and contained great num- 
bers of miliary abscesses. Similar abscesses were present in the prostate. The 
other abdominal organs showed only passive hyperemia. 

The pericardium was somewhat distended and contained about 50 c.c. of a 
cloudy, reddish-yellow fluid. The heart was enlarged, weighing 550 gm., and was 
obliquely egg-shaped. The aorta was large and emerged anteriorly and some- 
what to the right, while the pulmonary artery was small and emerged from be- 
hind the aorta. The apex was formed predominantly by the right ventricle. 
There were numerous petechiae and miliary abscesses in the epicardium. 

The right auricle was dilated, its endocardium was diffusely thickened, and 
the pectinated muscles were prominent and thick. It received the inferior and 
superior venae cavae and the coronary sinus normally. The eustachian and 
thebesian valves and the limbus were well formed. The fossa ovnlis was incom- 
pletely closed, leaving anteriorly an elliptically-sliaped vertical opening measuring 
S mm. in width. The foramen ovale was patent, admitting a rod 2 cm. in di- 
ameter. The tricuspid orifice was of normal size, and its leaflets were well 
formed, thin, and smooth. Their papillary muscles were hypertrophic. The wall 
of the right ventricle measured 2 cm. in thickness. Its cavity was considerably 
larger than that of the left ventricle and it occupied the greater part of the apex. 
From the posterior upper part of the right ventricle emerged the pulmonary 
arterv. The right ventricle was only incompletely separated from the left by a 
muscular ridge, which almost completely framed a large opening between the 
ventricles. This opening was of an obliquely oval shape and measured from 2.5 
to 3.5 cm. in diameter. The muscle ridge at its uppermost, arch-shaped portion 
measured 2.5 cm. in thickness, and at its anterior and lowest portion 2.2 cm. in 
thickness. It projected into the ventricle from 1.5 to 2 cm. Its uppermost, arch- 
shaped portion was situated behind and to the right of the aortic orifice and 
anteriorly and to the left of the pulmonary orifice, extending about 2.5 cm. below 
the level of their valves. From this arch two limbs extended: a right limb de- 
scending along the anterior wall of the ventricle obliquely to the left and as- 
cending again along the posterior wall for a short distance, and a shorter left 
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Fig-. 1. — Photograph of heart from anterior aspect. Aorta and aortic conus opened. 
Ao, aorta; L.Au, left auricle; R.C.O., right coronary orifice; P.O., pulmonary orifice, 
seen through septal defect ; septal muscle bundle. 
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Fig. 2. — Schematic view of the heart from above. 
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limb which also descended obliquely along the anterior wall almost to tho baso of 
the anterior mitral cusp. Posteriorly and to the right of the muscular arch, 
adjoining and to the right of the aortic cusp of the mitral valve, and to the left 
of the left cusp of the tricuspid valve, was the pulmonary orifice. It possessed 
only two cusps, one left and anterior, and one right and posterior. The diameter 
of the pulmonary orifice measured 1.2 cm., while the greatest width of the elliptical 
opening between the cusps measured 5 mm. The aortic orifice measured 2.5 cm. in 
diameter and was situated anteriorly and to the left of the muscular arch. It 
possessed three cusps, an anterior and a right and left posterior. The noncoronnry 
cusp was situated anteriorly. The ductus arteriosus was obliterated. There was 
no coarctation of the aorta. The branches of the aortic arch were normal. The 
mitral orifice was of normal width and its cusps revealed only a few flat, arteri- 
osclerotic plaques. In addition to its normal attachment, the aortic cusp of the 
mitral valve was also attached to the left posterior portion of the muscular ridge. 
The wall of the left ventricle measured 2.4 cm. in thickness. Tho endocardium of 
the left auricle was slightly, but uniformly, thickened. Numerous pctechiae were 
seen throughout the endocardium. The distribution of the coronary arteries was 
normal, although they were somewhat rotated to the left. The anterior de- 
scending branch of the left and the circumflex branches of both coronary arteries 
showed distinct thickening of the intima and media and narrowing of their lumina. 
The myocardium was of a yellowish-red color and revealed on section numerous 
firm, gray-white streaks and patches and very many yellow miliary abscesses 
similar to those seen in the other organs. 

Anatomic Diagnoses . — Cor triloculare biatriatum; incomplete transposition of the 
aorta; stenosis of the pulmonary orifice; congenitally bicuspid pulmonic valve; ab- 
sence of the ventricular septum; hypertrophy of the crista supra ventricularis and 
of the septal and parietal muscle bundles; marked hypertrophy of the heart, par- 
ticularly of the right ventricle; coronary sclerosis; chronic passivo hyperemia of the 
lung, liver, spleen, etc.; pctechiae and miliary abscesses in all organs, including the 
skin; multiple hemorrhagic infarcts and fibrinopurulent pleuritis of the right lower 
lobe; bilateral confluent bronchopneumonia. 

COMMENT 

It seems to us that this man had a furunculosis of the nose, whence 
the infection spread through the xenons channels to produce throm- 
bosis of the cavernous sinus and massive blood stream invasion . 1 The 
organisms in the various tissues examined after autopsy had the 
morphologic characteristics of staphylococci. Since an examination 
of the head was not permitted and cultures were not made, further 
discussion of this aspect of the case is fruitless. 

A precise clinical diagnosis of the nature of the cardiac lesion was 
not made. When first seen the patient simply said that he had had 
heart disease since birth, and later lie was in no condition to be ques- 
tioned. He had not; liked to talk about his heart and his wife was 
unfamiliar with his early history, most of which was obtained from 
an uncle after the patient’s death. Without a history of early cyanosis 
and without clubbing of the fingers, which White and Sprague" state 
is invariably present in the tetralogy of Fallot, we were inclined to 
believe that he had a combination of interventricular septal defect 
and patency of the ductus arteriosus. The almost simultaneous ap- 
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pearanee of what seemed to be pulmonary embolic phenomena and 
what were obviously systemic embolic phenomena required a veno- 
arterial shunt for their explanation. There was no eA r idenee of suffi- 
cient change in the pulmonary circulation to open a previously patent 
but physiological^ closed foramen ovale. We reasoned then that the 
crossed or paradoxical emboli must have occurred through a septal 
defect. The history of a slow pulse rate suggested auriculoventricular 
block and added weight to this idea. 



Fig. 3. — Schematic vertical section of the heart. Arrows indicate circulation when 
• no congestive failure Is present, 

DISCUSSION 

Fifty years ago Fallot 3 stated that in congenital heart disease with 
cyanosis, particularly in adults, the possible malformations are small 
in number and perfectly definite. His observations have since been 
amply confirmed and this group is now termed the “tetralogy of 
Fallot." It consists of: (1) A stenosis or narrowing of the opening 
of the pulmonary artery at the valve cusps, or of the infundibulum 
just below them; (2) an interventricular septal defect; (3) dextro- 
position of the aorta ; and (4) hypertrophy of the right ventricle. The 
course of the blood in such a heart is as follows.- The venae cavae 
empty into the right auricle, from which the blood flows into the 
right ventricle; at this point the blood stream, obstructed by the nar- 
row pulmonary orifice, only in part enters the pulmonary artery, the 
remainder going directly into the aortic orifice, which rides over the 
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interventricular septal defect and so receives blood from both ven- 
tricles. The right ventricle hypertrophies to accommodate itself to 
this increased work and the aorta is larger than normal. In the pres- 
ent case, however, there is evidence both from the history and the 
examination of the heart that the cardiac circulation was somewhat 
different. The muscular ridges described were directly in the path 
of the two streams of blood entering the common ventricle and were 
so situated that, under favorable hydrodynamic conditions, they would 
prevent any great mixing of arterial and venous blood (Fig. 8). The 
absence of cyanosis in similar eases has been noted before,' 4 and in 
this case the mechanism described may have been responsible for the 
unusually long span of life. 

Although Fallot’s article, written in 1S8S, is still thoroughly mod- 
ern, most of the credit for the present interest in this condition and 
our ability to recognize it clinically belongs to Paul D. White. White’’ 
lists five signs which, when they occur together, make the diagnosis 
of the tetralogy of Fallot practically certain. They are (.1) cyanosis 
of lips, cheeks, ears, fingers, and toes, (2) clubbing of the fingers and 
toes, (3) a loud systolic murmur heard best in Ihe pulmonary area 
and the third left intercostal space (at times accompanied by a systolic 
thrill), (4) marked right axis deviation in the electrocardiogram, and 
(5), roentgenographically, a sabot-like contour of Ihe heart caused by 
enlargement of the right ventricle without enlargement of the pul- 
monary artery. The great vessels are prominent on the right as a 
result of dextroposition of the aorta, but not to the left because of 
the small amount of blood passing through the hypoplastic pulmonary 
artery. Another electrocardiographic finding of some value is auricu- 
loventricular heart block, which might be a sign of congenital mal- 
formation of the intraventricular septum. 

The congenital nature and interdependence of the anatomic changes 
noted in this and similar cases have been recognized for years, and a 
considerable literature dealing with the subject has accumulated. The 
view of the earliest observers, who believed that fetal endocarditis 
with subsequent stenosis of the pulmonary orifice and increased pres- 
sure in the right ventricle was the cause of the anomalies, has been 
abandoned. Since Kokitansky’s 0 fundamental work it has been quite 
generally accepted that the pulmonary stenosis and the ventricular 
septum defect are consequences of the transposition, which in turn 
is due to abnormal development or rotation of the septum of the 
common arterial bulb. In 3923, Spitzcr* suggested a phylogenetic 
explanation of this process and presented evidence to show that it 
was a throwback to the period when vertebrates developed pulmonary 
respiration and two distinct circulations and had a right and left 
aorta originating from the respective ventricles. In these cases lie 
thought that the phylogenetically atrophying and dormant right aorta 



HERNDON ET AL. : TETRALOGY OF FALLOT 


559 


was reopened, while the left aorta was obliterated instead, primarily 
because of lack of torsion of the large vessels. This theory has since 
been doubted. Among others, Pernlcopf and Wirtinger s could find no 
proof for either an increasing degree of torsion in the higher classes 
of vertebrates or for the embryonal presence of even a temporary 
right ventricular aorta in mammals. More recently LeA’ and Sapliir® 
have given what seems to us a more satisfying answer. They believe 
that the essential ju'ocess is an abnormal development of the bulbo- 
auricular spur which prevents the usual absorption of the arterial 
bulb into the left venti'icle and thus a sufficient degree of normal 
clockwise rotation around this point. As a result, counter rotation 
of the unfixed loAver end of the arterial bulb takes place, causing a 
more or less parallel, instead of spirally twisted, position of the aorta 
and pulmonary artery, and imperfect union or no union betAveen the 
loAver end of the aortic-pulmonary septum and the ventricular septum. 
They explain the pulmonary stenosis by the presence of a hypertrophic 
and rotated septal muscle bundle. Our ease presents all of the ana- 
tomic evidences described by them, namely, the abnormally large 
bulboauricular spur, the misplaced septal and parietal muscle bundles, 
and the hypertrophy of both. 

The prognosis in this type of malformation of the heart is usually 
bad. The average age at death in eighty-fh r e eases reported by Ab- 
bott 10 was 12 Y 2 years. HoAvever, the outlook may not always be so 
discouraging. The oldest patient in Fallot’s original series Avas 36 
years of age. Forty years later White and Sprague 2 reported the 
ease of a man xvho died in his sixtieth year, and in 1936 McGinn and 
White 5 mentioned a patient avIio xvas living at the age of sixty-tAvo. 
At the present time, our patient seems to be the second oldest of those 
Avliose diagnoses have been proved by necropsy. lie might haA r e lived 
much longer but for an intercurrent infection. He had been active 
and self-supporting until forty-eight hours before his death. 

SUMMARY 

We have reported a case of congenital heart disease, the tetralogy 
of Fallot, in a man past 49 years of age Axdio Avas active and self- 
supporting until his terminal illness. As far as Ave can determine, he 
is the second oldest patient known (autopsy) to haA r e this disease. 
Death Avas due to sepsis folloxving furunculosis of the nose and cavern- 
ous sinus thrombosis. In the terminal sepsis there A\ r ere crossed or 
paradoxical emboli Avhicli passed through the septal defect. 
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CONTUSION OF THE HEART 

Report op a Case With Serial Electrocardiograms 

Leslie B. Smith, M.D., and Hilton J. McKeown, M.D.* 
Phoenix, Ariz. 

A REVIEW of the literature leads one to believe that nonpenetrating 
wounds of the heart occur rarely. Bright and Beck 1 (1935), in a 
search of the literature for eases of nonpenetrating wounds of the heart, 
collected only twelve cases of myocardial contusion in which recovery 
took place. There were 152 necropsy cases of rupture of the heart, and 
eleven eases of myocardial failure without rupture in which the diagnosis 
was established by necropsy. They give an outline of the various ways in 
which nonpenetrating wounds of the heart were produced. 

Beck 2 reported three cases of nonpenetrating wounds of the heart, in 
one of which the diagnosis was proved by necropsy, and mentioned three 
additional cases. Kissane 3 has collected and reported fifteen eases illus- 
trating the varying degrees of cardiac contusion which may follow chest 
injuries. He found that there is usually a relationship between the 
severity and type of chest injury, but fatal contusion may occur without 
evidence of trauma to the chest wall. Stromer 4 cites four cases of cardiac 
contusion, including Hadorn’s case, that of a 13-year-old girl who suf- 
fered contusion of the heart, in which the electrocardiogram indicated a 
severe injury of the right side of the myocardium. We have at hand 
eight eases, other than the one reported here, in which both clinical and 
electrocardiographic evidence of myocardial damage appeared within 
twenty-four hours after blows to the chest. Moritz and Atkins 6 have 
added another case in which the diagnosis was proved by necropsy. 
Barber 5 mentions six men who had inefficient hearts after severe blows to 
the chest wall. 

The recent experimental studies of Bright and Beck, 1 Moritz and 
Atkins, 6 and especially of Kissane, Fidler, and ICoons 7 have thrown con- 
siderable light on this subject; Kissane, and others, injured the hearts 
of dogs by striking the chest wall over the heart, without opening the 
chest wall. White and Glendy, 8 in a very comprehensive discussion of 
“Trauma and Heart Disease,” have cited the experimental works of 
Klubs (1909), Klubs and Strauss (1932), and Schlomka (1934), and 
have discussed many of the facts and theories pertaining to nonpenetrat- 
ing wounds of the heart. 

Barber 5 states: “Trauma of the heart may result (1) from wounds 
and direct violence, and (2) from strain of effort . . . direct violence to 

•From the Section of Internal Medicine, Lois Grunow Memorial Clinic, Phoenix, 
Ariz. 

Received for publication Oct. 17, 1338. 


561 



j(>2 THE AMERICAN IIEAKT JOURNAL 

(ho chest wall may rupture the heart muscle, causing death, or may cause 
death without obvious heart injury; or it may give rise to the following 
clinical conditions: (1) pericarditis; (2) angina of effort; (3) a dis- 
order of rhythm; (4) lesions of a valve; (5) contusion of the heart 
muscle. Strain may result in: (a) a disorder of rhythm; (b) lesions of 
a valve; (c) primary cardiac overstrain.” 

It is now well established that trauma may give rise to cardiac con- 
tusion. varying in degree from small bruises with slight or no clinical 
evidence of damage to rupture of the heart wall, even though the blow 
to the chest may have appeared to be slight. The cardiac impairment 
following a contusion may clear up completely, or various degrees of 
impairment may be present for a short time, or for years. 

The following case is reported because it demonstrates clearly the 
possibility of damage to the myocardium from external forces applied to 
the chest, even though the latter did not leave any evidence of damage 
to the chest wall. We also believe that this is the first case of trauma to 
the heart to lie reported in which a serial electrocardiographic study was 
made. It is our opinion that contusions of the heart too frequently are 
not recognized by physicians, or by our courts and insurance companies. 

CASE REPORT 0 

P. It., a white 17-vear-old high school student, had always enjoyed good health. 
On March 1. 103S, in the course of a routine examination, an electrocardiogram 
(Fig. 1) and a tereoroentgenogram of his chest were made, both of which were 
normal. 

The patient was injured April 10, 193S, in an automobile collision involving 
the car he was driving and a truck. It was reported that the patient’s chest had 
struck the left car door sufficiently hard to make an imprint in the door. In 
this accident lie received several lacerations of the scalp and two small puncture 
wounds about the right elbow. There was only a small visible contusion of the 
chest, over the right lower ribs anteriorly, with no fractured ribs. The skin wounds 
were negligible except for a mild, secondary, staphylococcus infection in the puncture 
wounds, which healed within two weeks. 

In the first twenty-four hours he was cpiite irrational at intervals; however, 
there were no other evidences of cerebral injury. The hemoglobin was SI per cent 
(Saldi). The leucocyte count was 13,SOO, of which 71 per cent were neutrophilic 
polymorphonuclear cells, 22 per cent lymphocytes, and S per cent monocytes. 

During the first forty-eight hours the patient’s rectal temperature gradually 
rose to 102.5° F., and his pulse rate varied from 7G to 100 per minute, being in 
the upper eighties and nineties most of the time. The blood pressure varied from 
100/80 to 130/00. He was irrational at frequent intervals and was very restless. 
On the third day he began to complain of severe "gas pains,” although elimina- 
tion through the bowels was satisfactory and there were no evidences of abdominal 
distention, lie also complained of some pain in the left anterior chest. On the 
fourth day the pain in the left anterior chest was quite severe for several hours and 
restlessness became more marked. The pulse rate ranged from SS to 100 per minute. 

The patient was first seen by one of us (L. H. S.) on the fourth day following 
the accident. At this time physical and roentgenologic examination revealed notii- 

*'Ve .ire indebted to AV. O. Swede. M.U.. and H. U. AVilliams. M.D., for their 
cooperation in reporting' tin's case. 
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Fig. 1. — Normal. Taken March 1, 1938, 6 weeks prior to accident. 

Fig;. 2. — Eleven days after the accident and four days after the onset of the pre- 
cordial pain. QRS, decreased voltage ; RS-T, moderately elevated and has a "humped 
up' effect in all three leads; T; and s, slight negativity. Taken April 21, 1938 
eleven days after injury. 

Fig. 3. — Ti, slightly negative. T; and 3, more negative. April 25, 1938. 

Fig. 4. — Ti, isoelectric. Tj is notched and of lower amplitude than in Lead IV 
taken six days previously. There has been a slight lessening of the voltage of the 
QRS in Leads I, XI, and III. May 4, 1938. 

Fig. 5.— ST- sloping downward to an inverted T; Lead III, sloping of ST 
marked. Ti, initial negativity. May 12, 1D3S. 


more 
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ing abnormal in the lungs. The temperature was 100° F., the pulse rate 100, the 
rhythm normal, and the blood pressure 100/70. There was no cardiac enlarge- 
ment. No thrills could be felt. Auscultation revealed that the heart sounds had 
a peculiar ticktack quality, as if the heart were under strain. At this time it was 
thought that there was some cardiac involvement. The leucocyte count was 13,200, 
of which 90 per cent were polymorphonuclear cells, 1 per cent eosinophiles, lper 
cent monocytes, and 8 per cent lymphocytes. 

During the next three days the patient’s temperature returned to normal. His 
systolic blood pressure varied from 100 to 110, with a diastolic of 70 to 80. 
He made occasional reference to discomfort in the region of his heart, but the 
discomfort in his abdomen had subsided. 

On Apiil 17, 1938 (seventh day), following an afternoon of mild physical exer- 
tion, he was seized suddenly by a severe pain in the left chest which he described 
as originating under his left shoulder blade and shooting through to the front 
of the chest. The pain was continuous, excruciating, and lancinating in character, 
and was associated with a sensation of breathlessness. He rvas very apprehensive 
and restless. Codeine was given for the pain, but it did not begin to lessen for 
three hours and continued, with varying intensity, for thirty-six hours. During 
this time he complained of severe pains in the region of second and third left 
ribs, just lateral to the sternum, and also in the left shoulder and in the left side 
of his neck, with an occasional extension of the pain to the right side of the neck 
and right shoulder. Examination of the heart at the time of the onset of the 
pain and twelve hours later revealed no abnormal findings except that the heart 
sounds were “labored.” The temperature was 99° F., the pulse rate 90 to 100, 
and the blood pressure 130/70. The leucocyte count was 9,850, of which 02 per 
cent were polymorphonuclear cells, 33 per cent lymphocytes, 2 per cent eosinophiles, 

1 per cent basopliiles, and 2. per cent monocytes. Koentgenograms of the chest 
showed no definite abnormality of the lungs. 

Twenty hours after the onset of pain a very definite, loud, pericardial friction 
rub was heard, of maximum intensity over the second and third left intercostal 
spaces, just lateral to the sternum. By this time the pain was synchronous with 
the heart beat, and was aggravated by expiration. At about this time the pain 
became localized in the region of the base of the heart, with frequent sharp pains 
in the left shoulder and under the left shoulder blade. The pulse rate was 90 
and the temperature 99° F. The blood pressure had dropped to 90/60. 

Twelve hours after the first time the pericardial friction rub was heard it dis- 
appeared, and was never detected again by frequent examinations. The pain took 
on an aching character and subsided thirty-six hours after the onset, at which 
time the pulse rate dropped to 72. The blood pressure remained low during the 
thirty-six hours of pain, then returned to normal. During the course of the pain 
the temperature never went above 99.2° F. 

A soft, systolic murmur was heard over the second right intercostal space at 
various times, but not constantly, during the first four weeks. 

The patient was kept at rest in bed for six weeks, and was first allowed to >c 
up on May 25, 193S. The remainder of his convalescence was uneventful, except 
for an occasional attack of dizziness lasting for a few minutes. The temperature, 
pulse rate, and blood pressure remained normal. . _ 

A diagnosis of contusion of the heart was made when the pericardial fric ion 
rub appeared, and this was confirmed by the first electrocardiogram (T’o- - > 
taken four days after the onset of the precordial pain. 

The laboratory findings, other than the electrocardiograms, during the conva- 
lescence were as follows: April 25, leucocyte count, 1-1,100; polymorphonuclears, 
per cent; lymphocytes, 17 per cent; monocytes, 1 per cent; eosinophiles, 1 per 
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basopliiles, 1 per cent; April 2S, sedimentation, rate of erythrocytes, 22 mm. in sixty 
minutes. May 4, leucocyte count, 8,350; polymorphonuclears, 54 per cent; lympho- 
cytes, 35 per cent; eosinopliiles, 6 per cent; monocytes, 5 per cent; the blood Kahn 
and Wassermann reactions were negative. A roentgenogram of the chest showed that 
both pulmonary fields were clear and free from abnormal shadows; the heart was 
apparently normal in size, contour and location. May 12, leucocyte count, 6,100 ; poly - 



Pig. c. — Qi. deeper; Ti, low voltage but positive; Tj, diphasic; Ts, isoelectric; 
S,, greatly reduced; Ti, low voltage (Si, seven days later showed an increase in 
voltage, but still reduced.) May 19, 1938. 

Fig. 7. — Tj, 5 , j, i, more positive ; Si, increased in voltage. June 1, 1938. 

Fig. S. — Within normal limits, except lessened voltage o£ Si. June 33. 393S. 

Pi g , a. — T;, lower voltage. Downward sloping STs with inversion of Tj, RS-T, 
elevated witli upward slope. July 28, 1938. 
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morphonuclears, 56 per cent; lymphocytes, 35 per cent; eosinophiles, 3 per cent; 
basophiles, 1 per cent; monocytes, 5 per cent; erythrocyte sedimentation rate, 15 
mm. in sixty minutes. On June 6 roentgenographic and fluoroscopic examination 
revealed that no appreciable changes had occurred in the heart since the preceding 
examination, including that of March 1, 1938, prior to the accident. During con- 
valescence there were no physical or roentgenologic evidences of pericardial effusion. 
The electrocardiograms are presented below. 

Graded physical activities were started on May 25, 193S, and he has been ambu- 
latory since the first week of June, 1938. On July 26, 1938, his physical activities 
were still limited to short walks. lie was unable to indulge in any moderately 
strenuous physical activities without undue fatigue and persistent increase in pulse 
rate. Even though the last two electrocardiograms (Figs. S and 9) are apparently 
normal, this patient still had a functional cardiac impairment fifteen weeks fol- 
lowing the accident. 

He was last examined Sept. 9, 1938, at which time his recovery' was almost 
complete. The pulse rate and blood pressure responses to exercise tests were within 
normal limits, and radiographic study' revealed no abnormalities. The vital capacity 
was 93 per cent of normal. An electrocardiogram taken on this date shows in 
Lead III a slight elevation of the RS-T segment, which slopes down to a negative 
T wave. This RS-T slope, we believe, is a residual effect of the scarring of the 
myocardium. 

A series of twelve electrocardiograms was taken in this ease. Three have been 
omitted because of their similarity to preceding tracings. In the legends, only 
the serial changes of significance, in sequence, are mentioned; all electrocardiograms 
were standardized. 


DISCUSSION 

Tlie serial electrocardiographic changes in this case are similar to those 
which we have learned to associate with pericarditis .* 5 We believe that if 
an electrocardiogram had been taken a few days earlier the elevation of 
the RS-T segment would have been much higher, since it is known that 
the higher elevations of the RS-T may be transient. 

We believe that trauma was the cause of the friction rub in this case. 
That nonbacterial pericarditis may be caused by trauma is established. 
Bright and Beck 1 cited two cases from the literature in which death did 
not occur, and Beck 2 reports another case in which a pericardial friction 
rub developed. All of these patients had nonpenetrating wounds of the 
heart. Bright and Beck, in their experimental work, found that fourteen 
of the seventeen dogs coming to autopsy two to three months after direct 
trauma to the heart had adhesions between the pericardium and epi- 
cardium. Kissane, and co-workers , 7 who found that they could damage 
the hearts of dogs by striking the chest wall over the heart, state : ‘ £ The 
most frequent cardiac lesions were subendocardial and subpericardial 
hemorrhage . . . pericardial injury and tear with or without free 
blood in the pericardial sac.” 

*We wish to thank Dr. Thomas Dry, who saw this patient in consultation two 
weeks following' the accident, and Dr. Arlie R. Barnes, of the Mayo Clinic, who has 
concurred with our interpretation of the serial electrocardiograms, for their interest 
in this case. 
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Infectious pericarditis is rendered unlikely by the fact that the patient 
had no fever, only a slight leucocytosis, and no appreciable pericardial 
effusion. 

There remain, in our opinion, only the following possibilities, namely, 
that the accident produced: (1) primary damage to the pericardium or 
epicardium, (2) primary contusion of the subepicardial myocardium 
with a secondary plastic pericarditis similar to the nonpurulent peri- 
carditis which frequently follows cardiac infarction, or (3) a combina- 
tion of these two. The idea that the primary damage was to the myo- 
cardium is in keeping with the recently reported findings of Belief and 
McMillan 9 concerning the electrocardiographic pattern in pericarditis; 
they state : 1 ‘ Only when there was demonstrable myocardial damage was 
deviation of the RS-T segment noted.” They interpret their findings, 
and cite the opinions of others, . . as supporting the view that the 
striking deviation of the RS-T segment associated with certain forms of 
acute pericarditis is the result of myocardial change that is gross enough 
to be demonstrable histologically.” This view is further supported by 
the similarity between the electrocardiographic findings in the nonsup- 
purative pericarditis caused by infarction of the subepicardial myo- 
cardium and those in acute bacterial pericarditis. 

In their experimental study of contusion of the heai’t, Moritz and 
Atkins 0 found that ‘ ‘ many of the myocardial changes seen in this series 
of dogs with cardiac contusion bore striking resemblances to the gross 
and microscopic changes seen in myocardial infarction in man.” 

Kissane, and co-workers, 7 found changes similar to those produced by 
experimental coronary occlusion. The experimental and clinical studies 
of Bright and Beck 1 ’ 2 indicated that “the most frequent variations from 
the normal was the production of large T waves and alterations in the 
Q wave. Frequently there was a high take-off of the T wave ; sometimes 
the T was inverted.” Kissane, et al., 7 found that the most frequent elec- 
trocardiographic changes were “in the T waves and RS-T compo- 
nents. ...” Since contusions may be located in any part of the heart 
and involve any number of areas, the electrocardiographic changes may 
be quite bizarre and fit no definite known pattern. It must not be for- 
gotten that trauma may produce serious disturbance in rhythm without 
anjr demonstrable lesion. 

The diagnosis of contusion of the heart will remain difficult when the 
patient is in the “coronary age” and recovers. Cardiac trauma may be 
superimposed on any type of heart disease, and in such cases the role of 
the trauma may be most difficult to determine. We must recognize that 
a diseased heart is more vulnerable, and that the disease which exists 
prior to the trauma is readily aggravated or complicated by it. It is the 
development of new cardiac signs and symptoms or the accentuation of 
pre-existing signs or symptoms after trauma that establishes the role of 
the trauma. The most important diagnostic criteria are enlargement of 
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tlie heart as shown by roentgenograms, and serial changes in the QES, 
the ES-T segment, or the T waves of the electrocardiogram. 

It is our opinion that a diagnosis of traumatic heart disease is justified 
when a patient receives either a direct or an indirect blow to the chest, 
or undergoes undue physical strain, or is subjected to other types of 
external violence, and then develops, without other apparent cause, cir- 
culatory embarrassment, or other clinical or electrocardiographic signs 
of heart disease. 


CONCLUSIONS 

1. A case of contusion of the heart, with recovery, in a 17-year-old 
boy, including a serial electrocardiographic study, is presented. 

2. Although the electrocardiograms present a pattern that may be as- 
sociated with pericarditis, in this case the primary damage was to the 
myocardium and the nonbacterial pericarditis was secondary. 

3. Contusion of the myocardium in this case was produced without evi- 
dence of any damage to the chest wall. 

4. Contusion of the heart is discussed briefly. 

5. We believe that cardiac contusions, in this automobile age, are too 
frequently overlooked. 
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CARDIAC ANEURYSM 

Louis H. Berk, M.D. # 

New York, N. Y. 

A LTHOUGH cardiac aneurysms are often found post mortem, very 
few cases have been reported in which the diagnosis was made 
clinically and confirmed by necropsy. The reason for the failure to make 
the diagnosis of cardiac aneurysm is that there are no constant clinical 
or roentgenologic signs characteristic of the condition. A comparison of 
the clinical and radiologic signs with the autopsy findings has permitted 
us to make several observations regarding the diagnosis of cardiac 
aneurysm. 

Cardiac aneurysm is merely a mechanical result of the fibrous trans- 
formation of the myocardium. The condition was first studied by Ziegler, 1 
and Cohnheim and Schulthess-Recliberg, 2 in 1881, who introduced the 
concept that the formation of a cardiac aneurysm could be traced to myo- 
cardial ischemia. More extensive studies were made by Hall, 3 who in 
1903 reported 112 cases and gave a more complete picture of the patho- 
genesis of such aneurysms. Sternberg, 4 in 1914, wrote a monograph 
which has since been accepted as the authoritative work on the subject. 
He predicted that the roentgenologic diagnosis would be possible, de- 
scribed the typical course of aneurysm formation, and brought forth the 
concept of chronic partial cardiac aneurysm, distinguishing four stages, 
as follows: (1) the stage of attacks of cardiac pain, often of very short 
duration; (2) the stage of localized pericarditis at the site of infarction, 
occasionally producing a pericardial friction rub of only a few hours’ 
duration; (3) the stage of latency, or apparent cure, lasting several 
weeks to many years; and (4) the stage of advanced myocardial disease, 
associated with chronic hydrops or leading to rupture. 

Kraus, 5 in 1919, first reported the correlation of the post-mortem and 
roentgenologic findings. Since that time the European literature has 
contained reports of isolated cases, and a few articles have appeared in 
the American literature, the most recent being those of Sigler and 
Schneider, 0 Steel, 7 and Ball. s 

The development of myocardial aneurysm is logically explained by 
pathologic changes resulting from a slowly produced obstruction of a 
coronary artery of the heart by arteriosclerosis, often completed by 
thrombosis. Such obstruction causes gradual wasting of the cardiac 
muscle and its replacement by fibrous tissue. In this scarred area the 
wall of the heart becomes much thinner, and as healing progresses it may 

•Bellevue Hospital (Columbia University). First Medical Division, Dr. I. O. 
Woodruff. Director, and the Department of Laboratories, Dr. D. Symmers, Director. 
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become stretched until a saccular dilatation is formed. Thrombi are fre- 
quently formed on the inner surface of the sac. If the scar is strong 
enough to resist the intraventricular pressure, no bulging beyond the 
line of the epicardium will take place. Such a lesion is termed a partial 
cardiac aneurysm. If there is a local weakening of the cardiac wall, 
which then yields to the intracardiac pressure, bulging beyond the line 
of the epicardium occurs and a chronic cardiac aneurysm is formed. 
Although aneurysm of the left ventricle may weaken the cardiac wall to 
the point of yielding, its strength is frequently augmented, and bulging 
prevented, by the presence of pleuropericardial adhesions, thickening of 
the epicardium, or thrombus formation within the aneurysmal sac. 

The site of cardiac aneurysm is most commonly at the apex of the 
ventricle, or in the anterior wall immediately above the apex. This 
marked predilection for the apex is accounted for by the fact that it is 
the part furthest removed from the blood supply and is the thinnest 
part of the left ventricle. The larger and older aneurysms naturally in- 
volve more of the ventricular wall. The size of these dilatations is rather 
variable and depends to some extent upon the age of the aneurysm. The 
causes of death following cardiac aneurysm are: the effects of an em- 
bolism derived from a mural thrombus, a severe hemorrhage caused by 
rupture of the aneurysm, or cardiac failure. 

Coronary obstruction is the chief causative factor of cardiac aneurysm, 
although in a few cases it is reported to have arisen from gummas, ulcera- 
tive endocarditis, trauma, or from an abscess or cyst in the heart wall. 

CLINICAL FINDINGS 

It is a rather curious fact that cardiac aneurysms are rarely mani- 
fested by signs peculiar to themselves. Lutembacher® stresses the im- 
portance of fixation of the apex due to pericardiodiaphragmatic adhesions 
and localized tenderness over the adhesions. This circumscribed tender- 
ness occurs on digital pressure and persists throughout life. The apex is 
immobilized by adhesions, as shown by palpation and percussion carried 
out successively in the right and left decubitus. Displacement of the left 
border of the heart sometimes simulates displacement of the apex. The 
precordial pulsations are poorly perceived, although the entire myo- 
cardium contracts vigorously. 

Frequently, in cases of cardiac aneurysm, the heart beat is feeble, with 
a diffuse, heaving cardiac impulse, weak heart sounds, and cardiac en- 
largement. The coexistence of hypertension does not preclude the possi- 
bility of cardiac aneurysm. Often there are two palpable cardiac im- 
pulses — the true, forceful apex beat, and the heaving contraction of the 
aneurysmal sac. This has been noted previously by Harvier and Caroli , 10 
and by Christian and Frik . 11 Libman 12 stresses the presence of a pulsa- 
tion, separate and distinct from the apical pulsation and associated with 
a dull first sound and gallop rhythm, as pathognomonic of aneurysm. In 
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only one of our cases did we find displacement of the apex beat (Case 1), 
and in only one case did we find a heaving pulsation over the entire pre- 
cordium (Case 9). The heart sounds were often distant and muffled, and 
of poor muscular quality. A soft, apical, systolic murmur was frequently 
found. There was nothing characteristic about the manifestations of 
cardiac insufficiency in patients having cardiac aneurysm. However, 
these manifestations merit our attention because of their abrupt ap- 
pearance following coronary occlusion and the difficulty with which com- 
pensation is re-established. These patients frequently had repeated at- 
tacks of congestive failure and pulmonary infarction. These may be the 
only noteworthy features of cardiac aneurysm. Some patients are sur- 
prisingly well, considering their disease. One patient (Case 1) had re- 
current attacks of paroxysmal nocturnal dyspnea and pulmonary infarc- 
tion for a period of six years, and finally succumbed to a massive pulmo- 
nary infarct. 

RADIOLOGIC FEATURES 

In the last four years there has been a considerable increase in the 
number of cases of aneurysm of the left ventricle in which the aneurysm 
has been visualized roentgenograpliically in vivo, and its presence later 
confirmed bj r necropsy. Since cardiac aneurysms are found at necropsy 
in at least 9 per cent of eases of cardiac infarction (Levine, 13 Parkinson 
and Bedford, 14 Zadek, 13 ), we can reasonably expect to find them not 
infrequently in many eases of coronary thrombosis. Because the clinical 
manifestations of cardiac aneurysm are rather indefinite, we have come 
to value the roentgenologic examination as not only helpful but of 
decisive importance. 

Roentgenograms should be made in the anteroposterior and oblique 
positions, and there should be a fluoroscopic examination. Oblique ex- 
amination from a series of slightly different angles is indispensable in 
discovering aneurysms that have developed upon the ventricular surface, 
especially when they are small in size. Examination in the oblique posi- 
tion offers confirmation that at all points the aneurysm is an integral 
part of the heart. Measurement of the index of depth, when combined 
with oblique examination, makes it possible to find the exact location of 
the aneurysm. 

Cardiac aneurysms may be conveniently divided into two general 
types: (1) a diffuse type with an eccentrically dilated cardiac apex, and 
(2) a circumscribed dilatation with an oval or angular bulging. 

The diffuse form is most frequently encountered. It is marked by an 
eccentrically dilated cardiac apex with a barely perceptible systolic con- 
traction. The circumscribed type is less frequently seen. It is marked 
by an oval or angular bulge varying in size, and is most commonly 
situated at the apex or midportion of the left cardiac border. The degree 
of pulsation is directly proportional to the size of the aneurysm, and 
varies inversely with the amount of pericardial thickening and the 
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presence of adhesions or mural thrombi within the aneurysmal sac 
(Boiler and Pape 10 ). Large aneurysms will occasionally show a passive, 
pulsatory, postsystolic lagging, as in the case reported by Kalisch , 17 and 
in the case in which Lenk 18 observed no marked pulsation during systole. 

Sometimes the hypertrophic myocardium adjacent to the border of 
the aneurysm appears as a marked prominence with systolic pulsations. 
This has been mistaken for the aneurysm itself, as in the case of Chris- 
tian and Frik , 11 in which the bulging was diagnosed as the aneurysm 
because of its marked pulsation. The necropsy revealed only hyper- 
trophic muscle at that point, while the aneurysm was situated elsewhere. 




Fig. 1. — Schematic drawing showing- various locations of cardiac aneurysms as 
seen roentgenologically by: Assmann, 1, la; Christian and Frik, 2, 2a; Jaksch- 
Wartenhorst, 3 ; Kalisch, •'/ ; Brenner, 5 ; Boiler, 6. V, Normal contour of right 
auricle; Va, displacement of the right. auricular contour toward the right; S, normal 
interventricular septum ; So, aneurysmal bulging of ventricular septum, causing 
displacement of right side of heart toward right. 

Calcification of the aneurysmal wall, which occasionally occurs, ap- 
pears as a curved line and produces a systolic and sometimes rotatory 
pulsation, as in the case reported by Jaksch-Wartenhorst . 19 Brenner 
and Waclnier 20 report a case of a large, calcified, saccular aneurysm of 
the left ventricle near the base, which is a most unusual location. 
Aneurysms of the ventricular septum can be visualized only if large 
enough to cause displacement of tlie right side of the heart toward the 
right (Boiler). 

Direct roentgenologic visualization will be impossible if a cardiac 
aneurysm develops on the diaphragmatic, hepatic, or posterior surface 
of the heart. The difficulty is increased if the aneurysm does not make 
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up a part of the left cardiac border, or if. due to adjacent pericardia] 
thickening and adhesions, it does not show bulging or pulsations. 

The presence of pleuropericardial adhesions, with immobilization of 
1 he apex, which is clearly seen on the fluoroscopic screen, is an indirect 
corroborative sign of cardiac aneurysm. The cardiodiaphragmatic sinus 
may be filled with these adhesions. By means of radioscopy it is a sim- 
ple matter to establish the fact that the site of the localized cardiac- 
pain, which is increased by digital pressure in aneurysm of 1 lie left 
ventricle, corresponds to the location of these adhesions. Measurement 
of the bisector of the left ventricle reveals that it is uniformly increased. 
Tn the absence of concomitant, hypertension, this demonstrates bulging 
of the left ventricular border which would not be apparent wit limit 
measurement. It is particularly useful in revealing the diffuse type 
of aneurysm. 

REVIEW OF CASES 

In this paper we arc particularly concerned with t lie ventricular 
aneurysms which were found in sixteen patients; the diagnoses were 
based on clinical and radiologic examination at Bellevue Hospital dur- 
ing the past four years, and on eight autopsies. Of our sixteen patients, 
eight are still living and under observation (Cases 9 to 16). 

We present our cases in two groups. In Table I we report eight cases 
of cardiac aneurysm in which the patients were examined radiologically 
during life and the diagnoses later confirmed by necropsy. From the 
study of this series it would appear that the most important radiologic 
signs of cardiac aneurysm are the following: (1) diffuse, eccentrically 
dilated cardiac apex; (2) circumscribed oval or angular bulging of the 
left ventricular border; (3) presence of pleuropericardial or diaphrag- 
matic adhesions; (4) diminished systolic contraction in the aneurysmal 
zone; (5) calcification of wall of the sac. 

In Table II (Cases 9 to 16) the diagnosis of aneurysm of the left 
ventricle was based on radiologic examination, together with a history 
and electrocardiographic findings of coronary occlusion. The examina- 
tion of these patients, in the light of accepted clinical criteria, has re- 
vealed that the following are the most important clinical diagnostic 
signs: (1) history of coronary occlusion and congestive heart failure: 

(2) weak first heart sound; (3) cardiac enlargement (these three signs 
were found in 100 per cent of our cases) ; (4) diffuse, heaving, pro- 
cordial impulse (87.5 per cent). 

These features, together with the radiologic findings mentioned here- 
tofore, warrant a diagnosis of cardiac aneurysm. 

The following signs, though often mentioned in the literature, were 
less frequently seen in our cases: (1) expansile pulsation between 
apex and sternum (37.5 per cent); (2) disproportion between the force 
of the apex beat and the intensity of the heart sounds (50 per cent ) ; 

(3) fixation of apex and localized precordial tenderness (12.5 per cent). 
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It must be understood, however, that the absence of any one or even 
all of these signs does not necessarily eliminate the possibility of cardiac 
aneurysm. It may be concluded from the above evidence that in any 
given case of cardiac aneurysm there will be sufficient clinical features 
to suggest the diagnosis. The roentgenographie examination will con- 
firm or contradict this impression. 

CASE REPORTS 

The following four eases illustrate the two types of cardiac aneurysm. 
Cases 1 and 9 are of the diffuse and eccentrically dilated type. Cases 
2 and 10 are of the circumscribed type. In the first and second cases, 
taken from Table I, the diagnosis was confirmed by necropsy. 



A. B. 

Fig. 2. — A, Case 1. Teleoroentgenogram showing enlargement of the heart to the 
left, with blunting of the apex. Typical of diffuse cardiac aneurysm. B, Case 1. Right 
anterior oblique roentgenogram, revealing a diffuse bulge of the left ventricular border 
with typical angulation. Presence of aneurysm confirmed by necropsy. 

Case 1. — R. M., a 37-year-old colored man, had been admitted to Bellevue Hos- 
pital seven times with congestive heart failure. On his first admission (Nov. 1, 
1933), patient complained of suhsternal pain, shortness of breath, edema of both 
ankles, and swelling of the abdomen. Physical examination revealed a markedly 
enlarged heart with a diffuse precordial pulsation and a systolic murmur over 
apex and base. Normal sinus rhythm was present. The blood pressure was 124/90. 
Tlie edge of the liver was tender and the liver was pulsating. During his stay 
in hospital the patient developed recurrent right-sided liydrotliorax with expectora- 
tion of bloodtinged sputum. After eacii admission the patient improved with bed 
rest, digitalis, and salyrgan injections, and was discharged. At short intervals, 
however, increased dyspnea recurred with mild congestive failure, necessitating Ins 
readmittance to hospital. He was admitted to the hospital four times for pul- 
monary infarctions with expectoration of blood. The electrocardiogram revealed 
normal sinus rhythm, myocardial changes associated with coronary artery disease, 
and low voltage. 
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Roentgenologic examination of tlie heart (June S, 1930) revealed a diffuse round- 
ing of the left ventricle, with blunting of the apex. The roentgenogram taken in 
the right oblique position showed an aneurysmal bulge on the anterior heart border, 
with typical angulation of the left ventricular contour (Fig. 2A and B). The left 
auricular appendage was accentuated, the left auricle was enlarged, and the esoph- 
agus was displaced. There were fibrosis and congestion of both lung fields with 
obliteration of the cardioplirenic angle. Fluoroscopy showed pleuropericardial ad- 
hesions about the apex and over the right diaphragmatic dome. 

Necropsy, performed Feb. 13, 193S, showed a large aneurysmal sac projecting 
through the anterior wall of the left ventricle, lined by a partially organized clot 
containing calcium. The myocardium in the apical region showed thinning and 
marked scarring. The wall of the sac and its overlying tissue covered an area 
about 3 by 1.5 cm. The anterior descending branch of the left coronary artery 
was completely occluded and calcified. The right coronary artery showed less 
thickening than the left, and no occlusion was found. 

There was an adherent pleurisy of the right and left lower lobes, with infarction 
of the right middle lobe. A healed splenic infarct, multiple healed kidney infarcts, 
and cardiac cirrhosis of the liver were also found. 



Pig. 3. — Case 2. A circumscribed cardiac aneurysm of the left apex. Presence of 
aneurysm confirmed by necropsy. 

Case 2. — M. IV., a G7-year-old woman, first began to notice shortness of breafli 
and weakness in March, 1933, followed by swelling of the feet and ankles. Physical 
examination on admission revealed an enlarged heart. The point of maximal im- 
pulse was in the fifth intercostal space 12 cm. from the midsternal line. The heart, 
sounds at the apex were distant ; normal sinus rhythm was present. The aortic 
second sound was louder than the pulmonic second. The blood pressure was 128/90. 
There was marked thickening of the peripheral arteries. The liver was just pal- 
pable and was tender. There was slight pretibia] edema. The patient grew pro- 
gressively worse and died Nov. 1 , 1933. 
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The electrocardiogram showed normal sinus rhythm and marked left ventricular 
preponderance; there were no changes suggestive of myocardial damage. Boent- 
genologic examination showed considerable enlargement of the heart to the left, with 
a small, circumscribed outward bulging of the apex. This would suggest a cir- 
cumscribed cardiac aneurysm of the left side of the apex (Fig. 3). 

Necropsy revealed an old myocardial infarction with a small circumscribed 
aneurysm of the apex of the left ventricle. The anterior descending branch of 
the left coronary artery was occluded by an organized and partially calcified throm- 
bus. The myocardium was hypertrophic and reddish brown in color, except for an 
area, S cm. in diameter, in the interventricular septum. There the myocardium 
was practically replaced by fibrous tissue, and the thickness of the wall was only 
about 4 mm. This area bulged into the right ventricle. The endocardium over 
this area was smooth and thickened. No thrombus formation was seen. 



Pig. 4. — Case 9. Teleoroentgenogram showing a marked bulge of the outer portion 
of the left ventricle, with sharp angulation of the left border, giving the heart a 
rectangular appearance. 

Case 9. — L. H., a 43-year-old woman, was admitted to Bellevue Hospital three 
times. She had diabetes mellitus, but on her third admission (Nov. 25, 1934) she 
complained of a prolonged attack of severe pain across the middle of the chest, 
radiating to both arms. 

Physical examination revealed that the heart was markedly enlarged to the left, 
with a diffuse precordial pulsation extending to the midaxillary line in the fifth 
intercostal space. In addition to the apical impulse in that space, there was a 
sharply localized impulse in the fourth intercostal space 14 cm. from the mid- 
sternal line. The first heart sound was muffled and had lost its muscular quality. 
There were a few moist rales in both bases, and tenderness over the liver. The 
electrocardiogram revealed normal sinus rhythm with left bundle branch block. 

Boentgenologic examination disclosed gross enlargement of the heart to the left, 
mainly of the left ventricle, with sharp angulation of the left border, giving the 
heart a rectangular appearance. The maximum transverse diameter was 15.1 cm., 
the total length 16.5, the broad diameter 11.5, and the width of the pulmonary 
fields 25 cm. (Fig. 4). 
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Case 10. — E. T., a 51-year-old man, was admitted to Bellevue Hospital 
Aug. 22, 193S. There was a history of severe substernal pain radiating to the 
left arm lasting several hours. This attack had occurred four months prior to 
the patient’s admission to hospital. The attack was followed by gradual swelling 
of the feet and shortness of breath. 

Physical examination on admission revealed an orthopneic, dvspneic, obese man, 
acutely ill. The heart was markedly enlarged. There was a feeble apex beat in 
the fifth intercostal space at the anterior axillary line. Fairly well-localized pain 
was present over this area ; the heart sounds were muffled and distant, with a 
suggestion of gallop rhythm. Normal sinus rhythm was present, with an occa- 
sional extrasystole. The blood pressure was 90/G0. Subcrepitant r files were heard 
over both lower lobes. The liver was four fingerbreadths below the costal margin, 
and there was slight pretibial edema. The electrocardiogram revealed inversion of 
T, and T,, suggesting anterior wall infarction. 



A. B. 

Fig; 5. — A, Case 10. Teleoroentgenogram showing enlargement of the heart to the 
left, with a diffuse cardiac aneurysm (note B). B, Left oblique roentgenogram, 
showing heart seen in A. Note deep groove, and ledging of the midportion of the 
left ventricular border. 

Roentgenologic examination revealed gross enlargement of the heart and blunt- 
ing of the apex. There was congestion of both lung fields with prominence of the 
aortic knob. In the left oblique view there was marked ledging of the middle 
left ventricular border, as seen in Fig. 5. Fluoroscopic examination disclosed an 
enlarged heart with rounded apex and diminished amplitude of the pulsation of 
the left ventricle. A marked wedge-shaped indentation in the middle of the left 
cardiac border was observed on rotating the patient to the left oblique position 
(Fig. 5 A and B). 

SUMMARY 

1. The clinical and radiologic features of sixteen cases of cardiac 
aneurysm are described, in eight of which the diagnosis was confirmed 
by necropsy. 

2. The necropsy observations have been correlated with the radiologic 
findings; the most constant of the radiologic signs were used as diag- 
nostic criteria. 

3. The significant clinical features are shown to be: a history of 
coronary thrombosis with congestive failure; cardiac enlargement; weak 
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first heart sound; and a diffuse heaving precordial impulse. Dispro- 
portion between the force of the apex beat and the intensity of the heart 
sounds, an expansile pulsation between the apex and the sternum, and 
localized precordial tenderness with fixation of the apex are presented 
as rare, but strongly suggestive, signs. 

4. Since cardiac aneurysm is merely the mechanical result of fibrous 
transformation of the myocardium following coronary thrombosis, radio- 
logic evidence of its presence can be seen in changes in the size, shape, 
and contour of the heart. 

5. There are two types of cardiac aneurysm: (1) the diffuse, eccen- 
tric dilatation of the cardiac apex, and (2) the circumscribed bulge. 

6. Since cardiac aneurysm is encountered in at least 9 per cent of all 
cases of coronary thrombosis, constant vigilance together with a knowl- 
edge of its clinical and radiologic manifestations will increase the fre- 
quency with which the condition is diagnosed during life. 
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THE THERMAL REFLEX VASODILATATION TEST IN 
PERIPHERAL VASCULAR DISEASE 

Gammed Sai.and, M.D., Charles Klein, M.D., and 
Herman Zurrow, M.D. 

New York, N. Y. 

A TTENTION has already been called to the value of a vasodilating 
test in the study of the peripheral vascular diseases. As early as 
1883, Mitchell 1 showed that paralysis of a peripheral nerve trunk by cold 
is associated with hyperthermia in the anesthetic zone. In 1926, Brown - 
obtained vasodilatation by means of the intravenous administration of 
typhoid vaccine. In May, 1930, White, 3 and Brill and Lawrence, 4 at the 
same time, but working independently, showed that spinal anesthesia 
caused an increase in the surface temperature of the feet. 

Scott and Morton, 0 in June, 1930, found that general anesthesia gave 
the same complete obliteration of vasoconstriction. Again, in October, 
1931, Scott and Morton 0 injected the posterior tibial nerve to differ- 
entiate arterial spasm from organic obstruction. 

Sir Thomas Lewis, 7 in 1929, used heat to induce peripheral reflex 
vasodilatation. 

In 1932, Gibbon and Landis s observed that immersing the hands and 
forearms in warm water produced vasodilatation in the lower extremities 
of six normal persons, and that the temperature of the toes began to rise 
in fifteen minutes and rose to over 31.5° C. in all cases. In November. 
1933, Landis and Gibbon 0 studied patients with peripheral vascular dis- 
ease, and found that the immersion test compared favorably with other 
methods of vasodilatation. 

The reason for using a vasodilatation test is obvious to all workers in 
the field of vascular diseases. It is a known fact that arterial spasm can 
simulate every symptom and physical sign of organic obstruction, such as 
cold feet, painful extremities, claudication, absent pulsations, rubor, and 
pallor. It is also known that instrumental aids, such as oscillometric 
tracings and intra-arterial thorotrast injections, reveal only the presence 
or absence of obstruction, but when obstruction is demonstrated, these 
tests do not differentiate spasm from organic block. 

In our work we followed the method of Gibbon and Landis for the fol- 
lowing reasons: (1) it eliminated the danger of trauma to the vessels, 
(2) injection carried with it the risk of infection, and (3) many patients 
objected to an injection. 

From the department of peripheral vascular diseases, Bronx Hospital. New York. 
Received for publication Oct. 29. 193S. 
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We are reporting results on seventy-three patients who had symptoms 
of peripheral vascular disease. Each patient had a complete history and 
physical examination, urine examination, blood counts, and blood Was- 
sermann and Kahn tests. When necessary, a chemical examination of the 
blood was made and electrocardiograms taken. The local examination 
was supplemented by recorded oscillometrie tracings at the knee and 
ankle, roentgenograms of the peripheral vessels and, finally, by the 
thermal test. 

Just prior to doing the thermal test the case was classified as either 
one of organic, functional, or no peripheral vascular disease. However, 
in this report we divided our cases into two main groups, namely, Group 
I, cases in which the temperature of the big toe rose to 30.5° C. or over, 
and, Group II, eases in which the temperature of the big toe failed to 
rise to 30.5° C. 

Technique of the Test . — We followed the technique of Gibbon and Landis. 8 We 
tried to keep the room temperature as constant as possible, and avoided all drafts. 
The subject, whose rectal temperature was not over 100° F., was seated on a chair 
with the lower extremities in the horizontal position, exposed from above the knees. 
The readings were taken with the Taylor Dermatherm on the dorsum of the big 
toe at the base of the nail. Both extremities were examined. Readings were 
taken until the temperature of the big toe was the lowest possible at the room 
temperature prevailing. We tried to have the initial temperature of the big toe 
26° C., or lower; this frequently necessitated an exposure of one-half hour or 
longer. Both forearms and hands were then immersed in water at 45° C., and 
readings from the big toes were taken with the dermathenn every three minutes 
for a period of one-half hour. At the time of immersion the patient’s body was 
covered with -wool blankets. Rectal temperatures were taken at the end of each 
test. Normally, a significant rise in toe temperature should occur in fifteen minutes, 
and at the end of thirty minutes should reach the absolute value of 30.5° C., 
or over. 

For the sake of simplicity in following our results we have reported the findings 
in only one extremity, and we have selected the extremity showing the lower reading. 

Rationale of the Thermal Test . — Immersion of the forearms in water 
at 45° C. tends to raise the temperature of the blood in those limbs. 
When the warmer venous blood reaches the medulla it affects the vaso- 
motor center, inducing a reduction of vasomotor tone in an attempt to 
maintain constant body temperature. 

Group I (A ). — Cases in which the temperature did not rise to 30.5° C. 
(initial temperature of the big toe 26.0° C., or lower). In this group 
there were forty-four cases, including thirty-three of arteriosclerosis 
obliterans with or without ulceration, infection, or gangrene, five cases of 
thromboangiitis obliterans, one of scleroderma, one of thrombophlebitis 
with arteritis, one of vasospasm, and three in which no vascular disease 
was diagnosed. Forty subjects in this series failed to show an elevation 
of the temperature of the big toe to 30.5° C. In other words, the thermal 
test gave corroborative evidence of organic obstruction in forty out of 
forty-four cases, or 91 per cent. However, four patients who were re- 
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garded as liavi ng no organic obstruction also failed to show a rise to the 
absolute value of 30.5° C. 

Group I (B ). — Cases in which the temperature did not rise to 30.5° C. 
(initial temperature of the big toe above 26.0° C.) . This group comprised 
eleven cases of arteriosclerosis obliterans, with or without ulceration, in- 
fection or gangrene. In no instance, in spite of the fact that the initial 
temperature of the big toe was over 26.0° C., was there a rise to 30.5° C. 
In other words, there was 100 per cent corroboration of the presence of 
oi’ganic vascular disease in this series. The percentage corroboration of 
the test for the entire Group I was 93 per cent. 

Group II (A ). — Cases in which the temperature rose to 30.5° C., or 
over (initial temperature of the big toe 26.0° C., or lower). In this gi’oup 
there were seven cases, in all of which the diagnosis of no peripheral 
vascular involvement had been made. In all of these cases the tempera- 
ture of the big toe rose as it would in a normal individual, a 100 per cent 
corroboration by the thermal test of the fact that in these cases there was 
no organic obstruction. 

Group II (B ). — Cases in which the temperature rose to 30.5° C., or 
over (initial temperature of the big toe above 26.0° C.). In this group 
there were eleven cases, including two of arteriosclerosis obliterans, one 
of Raynaud's disease, and eight in which no peripheral vascular disease 
was diagnosed. The patient with Raynaud’s disease had no involvement 
of the lower extremities, and for the purpose of this article may be 
grouped with the nine normal subjects. All eleven subjects showed a rise 
in the temperature of the big toe to 30.5° C. In this group, therefore, the 
thermal test corroborated the clinical findings in 82 per cent of the cases. 


table I 

Summary of Thermal Response 


DIAGNOSIS 

TOTAL NO. 

SURFACE TEMPERATURE OF 

BIG TOE 

PER CENT 
CORROBORA- 
TION OF 
DIAGNOSIS 
BY THERMAL 

TEST 

ROSE TO 
30.5° c. 

FAILED TO 

RISE TO 

30.5° C. 

Organic occlusive arterial disease 
No peripheral vascular disease 

53 

20 

2 1 

16 i 

51 

4 

90 

SO 


DISCUSSION 

We have studied seventy-three patients who were sent to our clinic for 
diagnostic and therapeutic purposes. We did a vasodilatation test in 
each case in addition to using other known methods of proving the pres- 
ence or absence of organic obstruction. We have shown that in cases in 
which there was no evidence of vascular disease the thermal test was 
normal in SO per cent, and that in those in which a diagnosis of organic 
obstruction had been made the thermal test showed that the surface 
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temperature of the big toe failed to rise to 30.5° C. in 96 per cent of 
the eases. 

In two cases in which a clinical diagnosis of arteriosclerosis obliterans 
was made, the response to the thermal test was normal. One must assume 
in such eases that either there is an element of spasm, and that this 
spasm is relaxed by vasodilatation, or that there exists a sufficient col- 
lateral blood supply to allow enough blood to reach the extremity and 
warm it. If the latter should be true, then it is rational to assume that 
this test can be used to measure the effect of any kind of therapy used 
in peripheral vascular disease. 


CONCLUSION 

The thermal reflex vasodilatation test is a safe and simple method to 
differentiate organic from nonorganic obstruction of the peripheral 
arterial system, and also to determine whether or not the blood supply 
to a limb is sufficient. 
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THE INTERPRETATION OF THE U WAVE OF THE 
ELECTROCARDIOGRAM* 


L. II. Nahum, M.D., and II. E. IIoff, M.D.f 
New Haven, Conn. 

T HE U wave was first observed by Einlhoven in the electrocardio- 
gram of a patient with myocardial disease and was attributed to 
the abnormal duration of ventricular systole in a damaged heart . 1 Sub- 
sequently, Einthoven found the U wave in electrocardiograms of normal 
subjects, and concluded that the wave indicated persistence of contrac- 
tion in some fibers during early diastole . 2 Lewis and Gilder 3 recognized 
this summit in thirty-two eases out of forty-nine in Lead I, in forty- 
four out of forty-nine in Lead II, and in fourteen out of thirty in Lead 
III. By means of simultaneous electrocardiographic and carotid pulse 
curves, they calculated that the U wave occurred almost, if not entirely, 
after the closure of the semilunar valves. Soon afterward, Hering 4 
suggested that the U wave may be caused by electrical activity in the 
great arteries. 

Since then the possibility that the U wave may represent a phase of 
electrical activity of the ventricle has been disregarded, and the con- 
cept that electrical and mechanical events in the ventricle terminate 
more or less simultaneously at the end of the T wave has developed. 
Recently, however, the work of Erlanger and Gasser 5 on nerve has re- 
vealed the existence of after-potentials whose duration far exceeds the 
period of excitation accompanying propagation of the impulse; such 
potentials are associated with the various phases of the recovery process. 
Factors which influence metabolism and affect recovery are found to 
have a profound influence on these after-potentials. A phase of re- 
covery particularly influenced in this manner is the supernormal period 
which follows the relative refractory phase and is associated with the 
negative after-potential. 

The supernormal period has in the past been found infrequently in 
the frog’s ventricle , 0 ’ 7 the conduction system, Si 9 and the pacemaker . 10 
In a previous communication we have demonstrated that it is invariably 
present in the ventricle of the eat under amylal anesthesia, and have 
found that when a U wave is present the supernormal period coincides 
with it ,. 11 We concluded that the U wave is to be considered a part of the 
ventricular complex, representing the location of the supernormal period. 
The present study was undertaken to determine whether the U wave and 

’Aided by a grant from tire Fluid Research Funds. Yale University School of 
Medicine. We are indebted to the Department of Cardiology, Grace Hospital, New 
Haven, for part of the clinical material presented here. 

t Laboratory of Physiology, Yale University School of Medicine, New Haven. 
Received for publication Oct. 31, 193S. 
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the supernormal phase coincide in other mammals, and to ascertain 
how this interpretation of the TJ wave may contribute to our under- 
standing of the ventricular electrocardiogram in man. 



0 10 20 30 40 

Fig-. 1. — Chimpanzee Becky, 32 kg. Sodium amytal anesthesia (60 mg. per kg.). 
Heart exposed through sternum and anterior mediastinum -without opening pleural 
cavities. Point stimulated on anterior surface of left ventricle. Ordinates, peak 
voltage of induction shocks. Abscissae, time in hundredths of a second. Crosses 
represent shocks -which evoked extrasystoles, and dots ineffective shocks. From 0.22 
to 0.30 after the onset of R, shocks are effective at strengths which later in the 
cycle fail to evoke a response. This is the supernormal period. A scale drawing 
of a single electrocardiographic complex from Lead II shows that the supernormal 
phase occurs here during the descending portion of T. 
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EXPERIMENTAL, STUDIES 

The recovery cycle of the hearts of six dogs and one adult chimpanzee 
was studied by the method previously described. 11 The heart was ex- 
posed and the pericardium sewed to the chest wall in such a manner 
that the pleural cavities were closed, and the animal could breathe. A 
silver hook was inserted into the cpicardium over the ventricle and 
paired with an anal electrode, permitting induction shocks to lie de- 
livered to the heart. By varying the strength of these shocks, the 
excitability of the heart was determined throughout the cycle. The 
usual absolute refractory period was determined, when no stimulus of 
whatever strength could evoke an extrasystole. This was followed by 
the relative refractory period, during which shocks were able to elicit 
a response provided they were of greater intensity than those which 
were effective during late diastole. Subsequent to this the excitability 
of the heart increased, so that a shock too weak to evoke a response 
later in diastole now produced an extrasystole. This period is recog- 
nized as the supernormal period, and lasted from 0.10 to 0.15 second. 
It appeared in all animals anesthetized with sodium amytal, but was not 
detectable when morphine was employed as the analgesic. 

In the chimpanzee (Pig. 1) and in one dog the supernormal period 
was found on the down stroke of the T wave, and a U wave was not 
detected. In two other dogs U waves were seen, and in these animals 
the supernormal period fell on the U wave (Pig. 2). In one of these 
experiments the supernormal period was inconstant, appearing and dis- 
appearing within a few beats, but without any recognizable relation to 
respiration. These experiments confirm the observations on cats, and 
establish the existence of a supernormal phase in the ventricles of larger 
mammals, including primates. They demonstrate the relation of the 
supernormal period to the descending limb of the T wave in rapidly 
beating hearts when there is no U wave, and to the U wave when it 
is present. 

THE U WALT*: IN MAN 

The Presence of the U Wave . — Two conditions are essential for de- 
tection of the U wave: (1) a sufficiently slow heart rate, and (2) the 
absence of auricular fibrillation. Since the U wave follows T, and pre- 
cedes P, the diastolic interval must be long enough to prevent obscur- 
ing of the U by the oncoming P. In man the maximum rate which per- 
mits recognition of U is between 90 and 100. This is well illustrated 
by Pig. 3 B, in which, with sinus arrhythmia and a rate ranging from 
105 to 75, the U wave is shown gradually emerging from beneath the 
P wave. In children, a conspicuous U wave may be seen with con- 
siderably higher heart rates (Pig. 3 A). While U waves can at times 
be seen when the auricles are fibrillating and the ventricular rate is 
slow, the irregular auricular waves usually make it difficult, if not im- 
possible, to identify them. 
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Fig 1 . 2. — Dog, 20 kg. Sodium amytal anesthesia. Chart constructed as in Fig. 1 
i he arrows indicate the supernormal period, which here falls on the U wave. 



Fig. 3. — A, Lead IV R from a 15-year-old boy, showing a U wave, with a heart 
rate of 150 ; B, Lead IV R showing U wave emerging from beneath P as the heart 
slows. 
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Of 151 electrocardiograms without, manifest evidence of abnormality, 
the U wave was recognized distinctly in 10 per cent in Lead I, 10 per 
cent in Lead II, 6 per cent in Lead III, and 75 per cent in Lead IV R. 
Only those U waves which had an amplitude of more than 0.25 mm. and 
a duration which could be measured definitely were recognized. This 



Fig. 


4. — Leads 


I, II, III, and IV R, reading from top to bottom, showing 
r waves in a patient with coronary artery disease 


may account for the lower frequency of U waves in the conventional 
leads in this series than in that of Lewis and Gilder. It does, however, 
render all the more striking the higher incidence of U waves in Lead 
IV R. 

By contrast, in the electrocardiograms of ninety-three patients show- 
ing evidence of myocardial disease, the incidence of the U wave in Lead 
IV was only 40 per cent, and 4.4 per cent in Lead I. Lead II, with 
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Fig-. G. — Records from Leads I, II, III, and IV R, showing fusion of T and U in 

Lead III. 
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10.1 per cent, and Lead III, with 7.4 per cent, were practically the 
same as normal. At least one reason for this is apparent in some rec- 
ords. Fig. 4 is taken from a patient with hypertensive heart disease and 
cardiac infarction, and shows a remarkable widening of the S-T inter- 
val, extending in Lead IV as far as the onset of P. In such a record 
a U wave would of course be entirely obscured. An earlier stage in this 
same process, with incomplete fusion of U and T, is shown in Fig. 5 A, 
which is the record of a patient with coronary thrombosis. An even 
earlier stage is found in Fig. 5 B; in this case the only diagnosis made 
by the electrocardiogram was right axis deviation, while the clinical 
diagnosis was active rheumatic heart disease. Thus far, such a fusion 
of T and U has been found only in records of patients with damaged 
hearts. Occasionally in such hearts the fusion may be marked in one 
lead, and not exist in the others (Fig. 6, Lead III). 



Fig’. 7. — The most pronounced U wave found in a normal subject. Lead IV R. 


Amplitude and Direction . — The U wave in normal subjects appears 
as a low summit never more than 1.50 mm. high, but more often from 
0.25 to 0.75 mm. It usually begins 0.04 second beyond the end of T, 
and continues for 0.16 to 0.24 second, with an average duration of 
0.20 second (Fig. 7). While in the normal subjects the U wave was 
invariably upright, this was not the case in the patients with damaged 
hearts. As mentioned above, only 40 per cent of the patients with dam- 
aged hearts showed any kind of a U wave in Lead IV R. Of these, 
thirty-six in number, twenty-four were found to exhibit an inverted U 
wave. The inverted U wave was thus found only when heart disease 
was present, and at times was the only electrocardiographic evidence 
of damage. Two examples of this are shown in Fig. 8. In A. B, and 
C are shown Leads I, II, and IV R from a patient with hypertension, 
arteriosclerosis, and coronary sclerosis; the inverted U is practically 
the only electrocardiographic evidence. In D is shown Lead IV R of a 
patient with hypertensive and coronary heart disease with congestive 
failure, and again the inverted U is the only abnormal electrocardio- 
graphic sign. Fig. 9, A and B, shows Leads III and IV from a patient 
with bundle branch block, and shows a negative T and a negative U in 
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Lead III, but positive T and U in Lead IV R, Inversion of the U wave 
was not associated with any one specific disease, but with a variety. The 
most common were coronary artery disease, with or without thrombosis, 
rheumatic valvular disease, hypertensive heart disease, and pulmonary 
heart disease. 



Pig-, g. — a, B, and C are Leads I, II, and IV R from a patient with arteriosclerosis, 
coronary sclerosis, and hypertension, showing negative U waves with positive T waves. 
D is Lead IV R from another patient with hypertensive heart disease, showing nega- 
tive U waves. 


Certain circumstances alter the amplitude of U. Following ven- 
tricular extrasystoles the U wave may become much more pronounced, 
as in Fig. 9 C, but may also disappear, as in Fig. 10. The U wave may 
be pronounced in cases of bundle branch block, as shown in Fig. 9, 
A and B, though this is again not invariably so. 

The JJ Wave and Extrasystoles . — In seven of the records included in 
this study a bigeminal rhythm was found. In all these the ectopic beat 
fell either on a clearly marked U wave (Fig. 10, A and B ) or in that, 
part of the cycle in which the U wave is found (e.g., within 0.024 sec- 
ond after the termination of T). Study of the position of the ectopic 
beat in published records of begeminy confirms this completely. It was 
noted that while an exact coupling was often found, at other times the 
onset of the premature beat varied within limits of 0.06 to 0.08 second. 
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Isolated extra systoles of ventricular origin were found to occupy 
three parts of the cycle, depending on the rate of the heart (Fig. 11). 
By far the greatest number, occurring in hearts beating at intervals oC 
0.60 to 0.80 second, fell either on the U wave (Fig. 10, A and B) or 
within 0.24 second after the end of T. With more rapid rates extra- 
systoles were less frequent, but in one record in which extrasystoles 
were found they appeared on the descending limb of T (Fig. 10, C and 



Fig. 9. — .1 and B are Leads II and IV R, and show the pronounced U wave in 
intraventricular block and a negative U. C is Lead IV R. showing the pronounced 
U waves following ventricular extrasystoles. 


D). It should be recalled that in cats, dogs, monkeys, and the chim- 
panzee, rapid rates revealed that the supernormal period lay on the 
descending slope of T. In slowly beating hearts isolated extrasystoles 
may fall late in the cycle (Fig. 11), in addition to falling upon the 
U wave. The slowness of rate and the lateness of the extrasystoles sug- 
gest that these may be caused by the well-known phenomenon of ven- 
tricular escape. Thus two types of extrasystoles may be discerned, the 
first of the escape type, not related to the U wave, and the rest, includ- 
ing the coupled extrasystoles in bigeminy, which fall in the part of the 
cycle occupied by the U wave. 



594 


THE AMERICAN HEART JOURNAL 



Experimentally, this period is found to be the time of supernormal 
excitability, when this phenomenon exists. The fact that the majority 
of ventricular extrasystoles occur at this same time may be more than 
a mere coincidence, and may indicate the existence of some correlation 
between the supernormal period and certain extrasystoles. 
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DISCUSSION 

Experimental evidence furnished elsewhere and confirmed and ex- 
tended in this report proves that beyond the T wave are to be found 
electrical events (the U wave ) associated with the recovery phase of the 
previous systole, and that the end of the T wave does not mark the end 
of electrical systole. This period of continuing electrical activity is the 
U wave, and is the site of the supernormal phase when it is present. 
The existence of a U wave in the human electrocardiogram in the same 
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part of tlie cycle as in other animals indicates that in man also the 
U wave is a part of the ventricular complex, and marks that part of 
the cycle where a supernormal phase can he expected. 

The basic investigations of Erlanger and Gasser on the recovery cycle 
in nerve have demonstrated that the supernormal period is associated 
with the negative after-potential. This after-potential and the super- 
normal period associated with it have been shoivn to be particularly 
variable, and are capable of being increased by acid, asphyxia, and cer- 
tain drugs such as veratrine, and decreased by factors which improve 
the metabolic condition. Although the XJ wave thus represents the nega- 
tive after-potential, it must be remembered that it is in reality the sum- 
mation of events in individual fibers, and therefore is influenced by 
physical factors of position and distribution of muscle mass as well as 
by factors that change the after-potentials themselves. This is clearly 
shown by. its variation in different leads. This makes it difficult to draw 
conclusions concerning the supernormal period and the negative after- 
potentials from the state of the U wave. Nevertheless, since the experi- 
mental evidence clearly shows that changes in the metabolic condition 
of the tissue are reflected in changes in the negative after-potential, it 
might be expected that the U-wave changes would be found in some 
damaged hearts. This, in fact, has been noticed in the analysis of rec- 
ords from ninety-three patients with diseased hearts. The U wave tends 
to disappear from Lead IV R, to fuse with the T wave in all leads, and 
to become inverted. In fact, neither a negative U wave nor a fusion of 
T and U was ever observed in electrocardiograms from persons with 
normal hearts. 

The usual concept that the end of T is the end of the electrical cycle 
is no longer tenable. This is dramatically illustrated in Fig. 12, show- 
ing a number of electrocardiograms in which it is difficult to detect in 
Lead IV R the demarcation between T and U or to assign to any point 
in diastole the end of the ventricular complex. 

Study of the extrasystoles which occurred in this group of records 
revealed that they fell, with few exceptions, during the part of the cycle 
in which a supernormal period might be expected to exist. The only 
exception was that when the heart was beating very slowly they might 
have been a manifestation of the well-known phenomenon of ventricular 
escape, and not at all related to a supernormal phase. Previous work- 
ers have already suggested a causal relationship between the super- 
normal phase and extrasystoles. Gasser noticed that nerves showing a 
marked supernormal phase were likely to respond to a single stimulus 
by prolonged repetitive discharge, during which each succeeding dis- 
charge occurred at the height of the supernormal period following the 
previous beat. He explained this on the basis of an internal subliminal 
stimulus which was incapable of initiating spontaneous activity when 
the tissue was at rest. When, however, the nerve was once stimulated, 
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the resulting supernormal phase lowered the threshold to a point where 
the latent internal stimulus became effective. This reasoning was ap- 
plied to the Purkinje fibers of the heart by Goldenberg and Rothberger . 9 
In the heart it is known that the ventricular conduction system pos- 
sesses an inherent automafieity, usually subliminal. If, however, a 
marked supernormal phase develops, it is possible that at this time the 
latent stimulus will become effective, and evoke an extrasystole. 




Fig. 12. — Records from Lead IV R which illustrate the difficulty occasionally en- 
countered in determining the end of T and l'. 

Upon the supernormal period may thus depend t ho type of arrhythmia 
which develops. If it is not marked, the latent stimulus may be insuffi- 
cient to produce a response; if it comes and goes, as it was seen to do 
in experiments, isolated extrasystoles would be found at various points 
in the period. If continually present it might produce bigeminy, or 
even an attack of paroxysmal tachycardia. 

It is of course obvious that the intensity of the internal stimulus must 
play an important part. Whatever the effect of the supernormal phase, 
if the internal stimulus is inadequate no response may be expected. On 
the other hand, heightened automatieitv of the conduction system may 
evoke discharge without the help of a supernormal phase. Ventricular 
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escape from vagal inhibition is an example of this, as are the ventricular 
rhythms in A-Y block and the ventricular beats following intravenous 
injection of adrenaline. 

SUMMARY 

1. The U wave of the human electrocardiogram is a part of the ven- 
tricular complex. 

2. It represents the part of the cycle in which the supernormal phase 
occurs. 

3. It tends to disappear in some cases of heart disease. 

4. Inversion of the U wave or fusion of the U wave with the T wave 
is found only in patients with damaged hearts. 

5. The majority of ventricular extrasystoles fall on the U wave or the 
part of the cycle where it occurs. 
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A NEW ELECTRODE FOR RECORDING BIOELECTRIC 

POTENTIALS 


Howard L. Andrews, Pit. DA 
Lexington, Ky. 

T HE electrodes described liere were developed for use in the record- 
ing of electric potentials of cortical origin under conditions where 
eases of application and removal were of paramount importance. They 
were designed originally for use in a study of cortical potentials during 
the withdrawal phase of drug addiction, when the patient is highly irri- 
table and objects to the use of collodion-cemented electrodes so com- 
monly used in electroencephalography. These electrodes have proved 
so valuable for general use in electroencephalography and electrocardiog- 
raphy that a detailed description seems warranted. 



Fig. 1. — Roentgenogram of a completed electrode. 

A disk 5 mm. in diameter with a thin tail 5 cm. long is cut from sheet 
silver about 0.5 mm. thick. The tail is bent up at right angles to the 
disk. The tail is then forced through the top of a rubber eraser of the 
type which slips over the end of an ordinary lead pencil. The tail is 
bent over and forced through the edge of the rubber at its thickest point. 
This prevents bending of the silver at the point where it emerges from 
the rubber. This point is sealed with wax to make a leak-proof joint. 
The lead wire is soldered to the silver near the point where the latter 
passes through the rubber rim. Fig. 1 shows a roentgenogram of a 
finished electrode. There are undoubtedly other rubber products avail- 
able which would be suitable for making these suction cups. The erasers 
have been used because of their convenient size (contact area about 1 cm. 
in diameter), their availability, and low cost. 

If these are applied to the scalp surface it is necessary to cut the hair 
over an area large enough to accommodate the end of the rubber cup. A 

*,A ss ° cia , t ® Physicist, United States Public Health Service, from the United States 
Public Health Service Hospital, Lexington, Ky. 
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small amount of electrode jelly is placed in the cup and around the end. 
When squeezed to expel the air, pressed firmly against the skin and re- 
leased, the cup will hold securely for at least an hour. When properly 
applied, these cups will withstand a surprising amount of pull and 
movement of the patient. 


PLATES 



LX AD i: 


CUPS 





leads 





Jl lead he 


Fig. 2. — Comparison of plate and cup electrodes. In Lead I there is a low back- 
ground of muscle potentials, but this is the only difference between the records. 

If a nonpolarizable electrode is desired, a solution of 0.1 normal 
hydrochloric acid is quite satisfactory. Some of the solution is drawn up 
inside the cup and the latter arranged so that the end just, dips into the 
solution. The cups are connected to the positive pole of a dry cell. A 
small piece of silver serves as the cathode. A satisfactory coat, of silver 
chloride is obtained in three or four hours. If chloridcd electrodes arc 
used they should be kept moist when not in use to preserve the chloride 
coating. This is easily accomplished by using a short, piece of rubber 
tubing just large enough to slip over the end of the rubber eraser. An 
excess of electrode jelly is placed in each suction cup and the latter is 
slipped into the tubing. If one cup is put in cither end of the tubing air 
is excluded and the electrodes will be kept in good condition. 


CUPS 


PLATES 


HOSEuS E ! I . , 1 u llaallCTZruZL 5! Hi 
' '■ ' ;1 ■■■ i i -■ ■ ■ ■ ■ ,1 l i . i 




LEAD 1 !E 


mm m . m*i i .i u i .ru- n a n'n.n n c'n.O r.r 



Eig. 3. — Comparison of Lead IV records taken with plates and cups. In the record 
taken with plates there is an overswing when the S-wave returns to tire axis. This 
may be due either to electrode polarization or to the lack of precise localization of 
the apical point with the large electrodes. 


Simultaneous electroencephalograms taken with a pair of collodion 
cemented electrodes and a pair of suction cups placed close to the 
cemented electrodes (but not in contact.) showed no significant differ- 
ences. 
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When used for electrocardiographic electrodes the disks can be made of 
zinc and no cliloriding is necessary. In this application even a heavy 
growth of body hair does not interfere with the vacuum, so that no hair 
cutting is necessary. 

Fig. 2 shows a series of consecutive electrocardiograms taken first with 
the regular plate electrodes and then with the suction cup electrodes. 
There are no important differences between the two sets of records. 

In some cases there is a low amplitude background of muscle potentials 
in the suction cup records, but in no case is this objectionable, and in 
many cases it is absent. It can usually lie removed by a slight change of 
the position of the cup. 

The suction cup is particularly suited for the precordial contact in 
Lead IV. The desirability of keeping this electrode small has been em- 
phasized in the report of the committee of the American Heart Associa- 
tion and the Cardiac Society of Great Britain and Ireland. 1 ’ 2 

When the region around the position of the apex beat is explored with 
one of the cup electrodes it is found that the records obtained show large 
variations from the records taken directly over the apex beat. Any large 
electrode will record an integrated effect which will differ from the true 
record obtained with the smaller electrode. Fig. 3 shows a comparison 
of Lead IV records taken with the small suction cup and with a plate 
3 cm. in diameter. In this case the suction cup was nonpolarizable, and 
it is believed that the record from this electrode is a more accurate repre- 
sentation of the electrical activity existing at the apex. 

If the electrocardiograms are recorded with a string galvanometer, 
with no intervening amplifier, the resistance of the small cups may cause 
trouble. The resistance between the pair of 1 cm. cups described is about 
8,000 ohms. This is not high enough to cause trouble if they are con- 
nected to a vacuum tube amplifier. In cases in which electrode resistance 
was important, larger cups, 3 cm. in diameter, have been successfully 
used. A pair of these cups shows a resistance of about 1,500 ohms. Cups 
of the type used to fasten appliances to automobile windshields have a 
diameter of about 3 cm. and are quite satisfactory if low resistance con- 
tacts must be obtained. 

I take this opportunity to express my appreciation to Dr. C. K. Ilinimelsbacli 
for helpful suggestions and for critically reading the manuscript. 

REFERENCES 

1. Joint recommendations of the American Heart Association and the Cardiac So- 

ciety of Great Britain and Ireland, J. A. M. A. 110: 395, 1938. 

2. Supplementary report of the Committee on Precordial Leads of the American 

Heart Association, J. A. M. A. 110: 081, 1938. 



ENLARGEMENT OF THE HEART IN INFANTS AND YOUNG 

CHILDREN 

M. A. Kugel, M.D. 

Miami Beach, Fla. 


C ONGENITAL “icliopatliic hypertrophy” of the heart is a term long 
used to designate cardiac enlargement with no apparent cause; 
upon pathologic investigation, only hypertrophy of the heart muscle is 
found. To anyone who has had experience at the autopsy table, the 
term “idiopathic hypertrophy,” applied to great enlargement of the 
heart, seems very inappropriate. An organ does not enlarge beyond 
normal limits unless there is some underlying pathologic-physiologic dis- 
turbance, even though we may lie unable to recognize it with our lim- 
ited knowledge of today. 

In a review of the literature 1 there was collected a series of cases of 
cardiac enlargement which were reported as instances of congenital 
idiopathic hypertrophy. A study of these cases, even as reported, 
revealed that most of them were not genuine examples of congenital 
idiopathic hypertrophy of the heart, since either myocardial disease or 
other factors were found in the post-mortem examination which could 
have had a causal relationship to the cardiac enlargement. 2 ’ 3 

In 1933, Kugel and Stoloff 1 described seven cases of unusual enlarge- 
ment of the heart in infants and young children which hitherto might 
have been regarded as examples of idiopathic hypertrophy. In all in- 
stances the clinical picture and the pathologic changes in the myo- 
cardium were similar. Later, further investigation of fresh pathologic 
material with chemical examinations in another similar case confirmed 
the original impression that this form of cardiomegaly was different 
from von Gierke’s disease and other types of cardiac enlargement 
(Table I). 

Table I 


Causes op Enlargement of the Heart in Infants and Young Children 


I. Congenital Defects 

a. Heart 

b. Coronary arteries 

e. Aorta and pulmonary artery 


II. Infections 

a. Unknown etiology 


b. Known etiology 


r Rheumatic fever 
-s Fiedler’s myocarditis 
l Periarteritis nodosa, etc. 

{ Diphtheria 
Scarlet fever, etc. 

Subacute bacterial endocarditis, valvular defect 
Syphilis, etc. 


Dedicated to the late Dr. Louis Gross, brilliant investigator in the field of 
cardiovascular disease, teacher, collaborator, and friend. 
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III. Anemias (of long standing) 

a. Primary anemia 

b. Secondary anemia 

IV. Syndrome of nonsuppurative “myocardial degeneration with dilatation and 

hypertrophy ’ ’ 


V. Metabolic 

a. Avitaminosis — beriberi, etc. 

b. Thyroid deficiency 

c. Glycogen-storage disease, von Gierke 


VI. Hypertension 


a. Greater circulation 


b. Lesser circulation 


{ Essential 
Adrenal tumors 
Secondary to kidney lesions 

(inflammatory or congenital) 
(lesions in lung, kyphoscoliosis, etc.) 


VII. Tumors of Heart 

a. Primary 

b. Secondary 
VIII. Unclassified Group 


CASE REPORT 

G. H., Case No. 8, an S-monlh-old colored girl who had previously been well, 
was admitted Nov. 22, 1934, to the Mount Sinai Hospital on the service of Dr. 
Bela Schick with a history of a cough for one week previous to admission. The 
cough had become worse in the preceding two days, and had occurred in paroxysms, 
often lasting an hour or more. At no time did the child appear acutely ill. "When 
she was examined by the family doctor there was only a slight fever and the throat 
was slightly red. The doctor stated that the "chest was clear.” Argyrol was 
applied locally to the nose. 

The mother, 25 years of age, was living and well; she had had one miscarriage, 
which occurred at the third month of gestation. There were no other children. 
There was no apparent history of tuberculosis, syphilis, or other diseases. Both 
parents were colored. 

The child was born in New York City, at full term. The delivery was normal. 
The baby weighed 7 pounds and showed no evidence of cyanosis or icterus. It 
breathed and nursed normally and was breast-fed until it was 5 months old. The 
diet was then supplemented by cow’s milk. Orange juice had been given since the 
child was 3 months old, and cod-liver oil (a. teaspoonful three times a day) for the 
preceding four to five months. It gained normally. The child had had occasional 
colds. 

On examination the child appeared to be acutely ill. She had an almost con- 
tinuous high-pitched cough. There were dyspnea and cyanosis. The temperature 
was 97.6° P. ; the respiration rate 44. There were many vesicular lesions, some 
of which were pustular, over the anterior part of the thorax, the neck, and fore- 
head. There were enlarged lymph nodes at both angles of the jaw, and in the 
posterior cervical, inguinal, and epitrochlear regions. There was an area of dull- 
ness extending over the left anterior chest to the axilla. Many crepitant and sub- 
crepitant rales were heard, most marked on the left side. The heart rate was 
160 and the rhythm was normal. The heart sounds were poor in quality. The 
blood pressure was 72 systolic. The abdomen was protuberant. The spleen was 
soft, extending one fingerbreadth below the costal margin. The liver was two finger- 
breadths below the costal margin. 

Roentgenologic examination of the chest showed a very marked enlargement 
of the heart to the left, extending out to the axilla; on the right side it extended 
to the midclavicular line. The enlargement also involved the entire base (Fig. 1). 
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A certain amount of magnification and distortion of the heart shadow was due to 
the fact that the examination could be made only in the anteroposterior position- 
the usual standard method could not be used. 1 

An electrocardiogram taken Nov. 23, 193d, showed sinus tachycardia with a 
rate of about 150 beats per minute, low amplitude of QRS in Lead I, and T waves 
of low amplitude (Fig. 2). -‘ 

On Nov. 23, 1934, the child was seen in consultation by the author and a diag- 
nosis of primary myocardial degeneration with dilatation and hypertrophy of the 
heart was ventured because of lack of the usual signs of congenital cardiac defects, 
as well as of evidence of diseases such as rheumatic fever, diphtheria or beriberi! 



Fig. I. — Case 8. Roentgenogram of chest showing marked enlargement of heart with 
dilatation of left ventricle and some prominence of right border. 


The sugar content of the blood was 65 mg. per cent, the urea 11 mg. per cent, 
the cholesterol 235 mg. per cent, and the cholesterol ester 75 mg. per cent. The 
blood "Wassermann reaction was positive (4 plus) on two occasions. The blood Kahn 
test was negative. The urine was normal. The hemoglobin was GO per cent, the 
erythrocyte count 3,640,000, and the leucocyte count 32,000; the differential leu- 
cocyte count showed 46 per cent polymorphonuclear leucocytes, of 'which - per 
cent were myelocytes and 1 per cent eosinophiles. Examination of the blood smear 
revealed some hypochromia and toxic granules in a few of the polymorphonuclear 
leucocytes. 

The child showed no signs of improvement throughout her stay in the hospital 
and died of myocardial failure on Nov. 25, 1934. 

The clinical diagnosis was (1) enlargement of the heart (so-called congenita 
hypertrophy”), (2) rickets, and (3) miliaria. _ 

Post-mortem examination was performed under the direction of Hr- a 
Klemperer. The findings were as follows: The body of the poorly developed ami 
undernourished S-month-old female colored child showed no evidence of jaurvue 
or edema. The abdomen was distended, with a slight bulge at the um n uu. . 
liver ’s edge reached down to the level of the umbilicus and the hver occupied 
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entire upper abdomen, displacing the spleen posteriorly. The spleen was also 
enlarged, extending to the level of the umbilicus. The heart was markedly enlarged. 
The left ventricle extended almost to the left lateral thoracic wall, displacing and 
compressing the left lung laterally and posteriorly. The right border, formed by 
the bulging right auricle and enlarged right ventricle, was in the region of the 
right midclavicular line. ' ? 



Fig. 2. — Case 8. Electrocardiogram showing sinus tachycardia, QRS of low amplitude, 
in Lead I, and T waves of low amplitude, indicating myocardial involvement, 

h y.. jjt 

The heart weighed 90 gm. pEig. 3). On the anterior aspect of the pericardial 
sac there was a diffuse hemorrhagicyjarea (ante-mortem pericardial puncture). The 
pericardial sac contained a small anioiint of clear straw-colored fluid and was other- 
wise entirely occupied by the enlarged heart. The: coronary veins were congested 
and prominent beneath the visceral pericardium. The epicardial surface of the 
upper posterior portion of the left ventricle was discolored, presenting a dark, reddish, 
mottled aspect over an area 3 by 4 cm. in size. The right auricle was markedly 
dilated and its wall slightly hypertrophied. The right ventricle was also markedly 
dilated and somewhat hypertrophied. The trabeculae carneae were prominent. The 
myocardium of the right ventricle measured 4 mm. in thickness at its midportion, 
and 3 mm. at the apex. The left ventricle was markedly dilated. Its walls were 
hypertrophied. The myocardium of the left ventricle measured 7 mm. in thickness 


A. B. 

Fi S- — Case S. Photomicrographs of ventricular musculature of heart showing (A, 
see arrow) focus of myocardial degeneration and (£) distortion of muscle fibers. 
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at its midsection and 5 mm. at the apex. The outflow tract of the left ventricle 
measured 4.S cm. in diameter. The myocardium, on section, was dull, pale, and 
grayish-brown throughout. The endocardium of the left ventricle was thickened 
and whitened. The valves presented no gross changes. The foramen ovale was 
small. The coronary ostia were patent and normal in origin and distribution. 
The ductus arteriosus was obliterated. The aorta showed no abnormalities. The 
lungs were the seat of a bronchopneumonia. 

The liver, light yellow-brown in color, was large, and its surface was smooth and 
glistening. The spleen was large and firm. The kidneys were slightly enlarged. 
The thymus was not enlarged. The bone marrow was cellular, red in color, and 
had normal bone trabeculae. The costochondral junction presented a distinct narrow 
line. The osteochondral boundary at the head of the humerus (left) was also fine 
and distinct. The periosteum of the upper humerus (left) showed no gross changes. 

Microscopic Examination . — The lung sections showed bronchopneumonia. The 
myocardium showed focal areas of degeneration (Fig. 4). In the vicinity of the 
fibrous areas in the myocardium there were occasional muscle fibers with vacuoles. 
Some of the muscle fibers showed atrophy and degeneration until replacement 
fibrosis. There were no areas of suppurative cellular infiltration. The blood vessels 
showed no marked changes. A few lymphocytes were found in the pericardium. 
The endocardium was thickened. 

The liver contained a small amount of fat. The kidneys were negative, as also 
were the adrenals, pancreas, spleen, and lymph nodes. The skeletal muscle was 
negative. 

Glycogen stains showed only a moderate amount of glycogen, uniformly and 
normally distributed, in the heart, lungs, liver, kidneys, and skeletal muscle. There 
was no clinical, pathologic, or chemical evidence of von Gierke’s disease. Sudan 
stains revealed only a small amount of fat. The Levaditi stains for spirochetes 
in the heart and kidneys were negative, and a thorough gross and microscopic 
examination failed to reveal evidence of congenital syphilis. 

Post-Mortem Diagnosis . — Cardiac dilatation, (marked), all chambers; cardiac 
hypertrophy (moderate); acute congestion of liver, spleen, kidneys; fatty changes 
in liver; partial atelectasis of lungs, including all lobes; bronchopneumonia. 

This case, No. 8, just described in detail, proved to be very important. 
The clinical picture and pathologic lesions were similar to those in our 
seven cases previously reported. 1 In the eighth case, however, we were 
able to make chemical, as well as microscopic, studies of fresh heart 
muscle, skeletal muscle, and other organs, and definitely ruled out ab- 
normal glycogen-storage disease. A study of this group of eight cases 
has enabled us to recognize this form of cardiomegaly clinically. 

SUMMARY OF THE CLINICAL AND PATHOLOGIC FINDINGS IN THE SYNDROME 
OF NONSUPPURATIVE MYOCARDIAL DEGENERATION WITH 
DILATATION AND HYPERTROPHY 

Definition . — A well-defined syndrome in infants and young children 
characterized clinically by an unusual degree of enlargement of the 
heart, electrocardiographic abnormalities, an afebrile course, a tendency 
to abrupt onset of myocardial failure, and the suddenness with which 
death may occur. 
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•Etiology . — The etiology of this disease is at present undetermined. 
Many theories have been advanced but none proved . 1 In most of the 
eases the disease has been recognized before the second year of life 
(Table II). 

Table II 

Summary of Eight Cases of Cardiac Enlargement Associated With 
Nonsuppurative Myocardial Degeneration 


CASES 

1 

2 

3 

4 

5 

6 

7 

S 

Age 

S mo. 

6 mo. 

3 mo. 

15 mo. 

4 mo. 

3 mo. 

6 % yr. 

S mo. 

Sex 

M 

M 

P 

M 

M 

M 

P 

P 


Symptoms 


Dyspnea 

Cyanosis 

Vomiting 

Cough 

XXX 

X 

X 

XXX 

XXX 

XXX 

X 

XXX 

X 

X 

X 

XXX 

XXX 

X 

XX 

X 

XXX 

Total known du- 

G 

1 

4 

2 

5 

1 

10 

6 

ration of illness 

wk. 

day 

days 

wk. 

days 

day 

wk. 

days 


Heart Weight in Grams 


Normal 

33 

32 

22 

45 

22 

22 

S4 

33 

(average) 

“Actual 

75 

90 

Marked 

155 

S5 

75 

190 

90 




en- 









large- 

ment 







'Percentage increase of actual heart weight compared to normal standards was 
from 120 to 290 per cent. 


The disease is apparently not limited to any sex or race. We have 
observed two cases in adults in which the lesions were similar. Some 
of those reported by Levy 4 may belong to this group. 

The changes in the heart may represent an allergic response to infec- 
tion, probably due to a virus. Whether this is a specific reaction to a 
specific infection, or an allergic response to various types of infections, 
is at present undetermined. The possible factor of infection is the only 
consistent one we have had . 1 It has also been suggested that these 
lesions may represent an allergic reaction to milk in a heart which was 
already damaged by infection . 3 

Symptoms . — The early symptoms of this disease are as yet not too 
well defined. The respiration may be rapid without any apparent intra- 
thoracic cause. The dyspnea and cyanosis, however, are usually of 
sudden onset. Fever is generally absent, and the temperature remains 
normal unless there are complicating independent infections. The heart 
Dale is usually rapid, and the heart sounds are of poor quality. At 
times a soft, blowing, systolic murmur may be heard at the apex. The 
cardiac enlargement may not be discovered by physical examination, 
but roentgenograms of the chest will reveal, usually, a surprising degree 
of enlargement of the heart. 

In the terminal stages of this disease the liver is enlarged. Bales 
may be heard in the chest, and at times edema occurs. The most strik- 
ing fact about this entire clinical picture is that the infants or children 
are usually apparently well and then suddenly develop myocardial 
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failure, cry, vomit, or refuse food. Unless the chest is examined care- 
fully, the true nature of this condition may not be appreciated. 

Roentgenologic examination shows enlargement of the heart to the 
left and somewhat to the right (Fig. 1). It may be so marked as to fill 
almost completely the left side of the chest in its transverse diameter. 
The value of the roentgenologic examination in cases of unexplained 
dyspnea and cyanosis becomes apparent, since it may reveal a pro- 
nounced enlargement of the heart, frequently in the absence of sug- 
gestive physical signs. Although the roentgenographie appearance is 
strikingly suggestive, it is by no means pathognomonic. A similar 
shadow may be cast in dilatation and hypertrophy of the heart in cases 
of valvular disease, congenital anomalies, or marked anemia. However, 
the enlargement of the left auricle and the rumbling murmurs of mitral 
stenosis, found in rheumatic cardiovalvular disease, are lacking. 

Two patients were examined by means of the electrocardiograph and 
both showed evidence of myocardial damage, such as low voltage, shal- 
low T waves, or prolongation of the P-R interval. 

Course and Prognosis . — In five of our eases the patient died on the 
day of admission. The total duration of illness was usually short 
(Table II). In two cases it was one day, in one case four days, in an- 
other five days, in another six days, in one case two weeks, in another 
six weeks, and in another ten weeks. Apparently the duration of the 
disease bears some relationship to the age of the patient. It seems that 
the older the patient, the longer the disease lasts. 

Morbid Anatomy . — The lesions were similar in all of the eight cases. 
The hearts were dilated and hypertrophied and the weight greatly in- 
creased. The endocardium of the left auricle and left ventricle may be 
thickened. At times bland thrombi may be found attached to the ven- 
tricular endocardium in the interstices between the trabeculae carneae. 
There are no valvular or congenital defects. 

On cutting the myocardium, one can see grossly, in some instances, 
grayish streaks which on microscopic examination prove to be foci of 
atrophied and degenerated muscle fibers. Atrophy of the muscle fibers 
with fatty infiltration, muscle degeneration, and replacement fibrosis are 
the characteristic lesions in all cases. Occasionally a few lymphocytes 
are found. There are no suppurative foci. The heart muscle arrange- 
ment may be so distorted and scarred that it is difficult to recognize (Fig. 
4 B). The coronary arteries showed variable changes, from perivascular 
fibrosis to hypertrophy of the media and proliferation and desquamation 
of the intima which at times is sufficient to obliterate the lumen. The 
valves were in all instances normal. In one instance we found embolic 
glomerular lesions which could be traced to bland thrombi on the ven- 
tricular endocardium. 

In our eighth case we found small isolated foci of degenerated heart 
muscle surrounded by apparently normal myocardium (Fig. 4 A). This 
represents probably the earliest lesion of this disease. Even in these 
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foci there were only a few pyknotic nuclei and wandering cells. Glyco- 
gen stains of the myocardium, lungs, liver, and kidneys showed either 
a small amount, which is normal, or none at all. Sudan stains showed 
very little fat, while the Levaditi stains showed nothing. 

Treatment. — At present little can be said concerning treatment. All 
of our eight patients died, six within less than a week after admission. 
Our observations in Case 7 and in two eases in adults, in which symptoms 
of myocardial failure lasted from ten weeks to three years, give some 
hope for prognosis and therapy. Prolonged rest, instituted early, and 
the administration of proper doses of digitalis may have helped in some 
of these cases. Our only hope in therapy is in the early recognition and 
the appreciation of the clinical significance of the various types of 
cardiac enlargement in children. 

Diagnosis. — A presumptive diagnosis of the syndrome of cardiac en- 
largement associated with nonsuppurative myocardial degeneration and 
fibrosis can be made during life. After clinical and pathologic studies 
of our first few cases, we were able to predict the presence of this pecul- 
iar malady in five instances, in all of which the diagnosis was con- 
firmed at autopsy. 

The chief features of this condition are enlargement of the heart 
without known cause, an afebrile course, the sudden onset of symptoms, 
dyspnea and cyanosis, and the lack of signs or history suggestive of 
congenital heart disease, rheumatic fever, diphtheria, infections, anemia, 
or metabolic disturbances. 

DIFFERENTIAL DIAGNOSIS 

Congenital Heart Disease. — The finding of an enlarged heart in an 
infant or a child brings up the problem of differential diagnosis (Table 
I ) . Cardiac enlargement in the first few years of life is not infrequently 
due to a congenital malformation of the heart. 0 ' 9 Congenital heart dis- 
ease, as outlined in the classical monograph of Abbott, 0 is divided into 
three clinical groups: (1) the acyanotic group, with no abnormal com- 
munications between the various chambers of the heart, (2) the cyanose 
tardive group, with an arteriovenous shunt in the circulation and a 
terminal reversal of blood flow, and (3) the cyanotic group, with a per- 
manent venous-arterial shunt and a retardation of blood flow. 

Symptoms usually present themselves early in children with con- 
genital heart disease who belong to the cyanotic group. The murmurs 
heard in this type of congenital cardiac disease are usually loud and 
rumbling. Roentgenologic examination of the heart may reveal that its 
outline is bizarre. The contour of the right ventricle, right auricle, pul- 
monary artery, or aortic conus may be distorted. The electrocardio- 
gram may show right ventricular predominance or other evidences con- 
firming the diagnosis of congenital heart disease. 

In the syndrome of cardiac enlargement described, the symptoms 
usually occur in a child who apparently has been well. Cyanosis in 



KUGELi : 


HEART ENLARGEMENT IN INFANTS AND CHILDREN 613 


this instance is only terminal and then not marked. The heart sounds 
are muffled and at times one hears a soft, blowing murmur at the apex. 
Roentgenologic examination shows enlargement chiefly of the left ven- 
tricle. The left auricle, pulmonary conus, and aortic conus are normal. 

It is in the aeyanotic group where one finds cases of cardiac enlarge- 
ment in which the clinical picture is similar to that described by the 
author. Congenital anomalies of the coronary arteries, such as mal- 
position or maldevelopment, which cause myocardial degeneration, may 
be followed by marked enlargement of the heart. Such cases have been 
reported, but are extremely rare. 8 ’ 9 

Abrikosoff 8 was the first to describe a case of this nature. In his 
ease the origin of the right coronary artery was normal, but the left 
coronary artery originated from the pulmonary artery instead of the 
aorta. At autopsy there was a marked enlargement of the heart, with 
an aneurysmal dilatation of the left ventricle. The wall of the left ven- 
tricle near the apex was very thin and transparent and was replaced by 
fibrous tissue. 

Bland, White, and Garland 8 have encountered only eight cases in 
which one of the main coronary arteries, usually the left, arose from the 
pulmonary artery. In addition, they also report a ease of unusual en- 
largement of the heart associated with congenital anomalies of the 
coronary arteries. 

The clinical diagnosis was ‘‘congenital idiopathic hypertrophy” of the 
heart. Necropsy studies, however, revealed the true nature of the dis- 
ease. The heart weighed 91 gm. The left ventricle was enlarged and 
its endocardium showed marked fibrous thickening with occasional 
patches of fibrosis in the deeper layers. In this case the left coronary 
artery had its abnormal origin from the pulmonary artery. Had a 
complete investigation, including post-mortem examination, not been 
made, this case might have been reported as one of “congenital idiopathic 
hypertrophy,” and this unfortunate term perpetuated in the literature. 

In this group we are dealing with a nonsuppurative myocardial de- 
generation with replacement fibrosis, and the cause of the myocardial 
damage can be traced to abnormalities in the coronary arteries. In the 
syndrome described, the cause of the myocardial degeneration is still 
undetermined. In both instances, however, we have the same patho- 
logic physiology, and therefore it is not surprising that we have the 
same clinical picture. 

Rheumatic Fever . — Enlargement of the heart because of rheumatic 
infection may be found early in childhood. Rheumatic heart disease 
occurs in infants and young children more frequently than is generally 
appreciated. Taran, 10 in a study of 222 children between the ages of 
1 and 15 years, found that the highest incidence of rheumatic infection 
in childhood occurs during school age, that is, from 6 to 15 years. He 
also found forty cases in infants less than 1 year of age reported in the 
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literature. Coronary thrombosis of rheumatic origin has been reported 
in an infant 17 months old. 11 

Poynton 12 found cases of rheumatic heart disease early in life. In a 
review of 100 patients with acute rheumatism admitted to his ward at 
the Hospital for Sick Children, he found that thirteen had had the first 
attack between the ages of 2 and 5 years. Poynton also reports observa- 
tions on a child of 10 months who had chorea and “acute dilatation” of 
the heart. 

The diagnosis of rheumatic fever in infants and young children can 
be made if one keeps in mind the fact that this disease can strike early 
in infancy in the most bizarre fashion. A familial history of rheumatic 
fever should arouse the suspicion of the presence of this disease in a 
child with cardiac enlargement. 13 ' 15 The other signs and symptoms to be 
looked for are : fleeting pains in the joints or muscles ; spasmodic twitch- 
ings (choreiform movements) ; and abdominal manifestations, such as 
cramps or, at times, symptoms simulating intra-abdominal inflammation. 
Evidence of tonsillitis, pharyngitis, polyarthritis, pancarditis, and myo- 
carditis may be found. Also, there may be continued fever, leucocytosis, 
abnormal sedimentation time, electrocardiographic changes, etc., which 
help to establish the diagnosis. When there is a marked enlargement of 
the heart there is usually a history of rheumatic manifestations. The 
murmurs are loud and rumbling. Roentgenologic examination may show 
typical mitralization of the heart, with an enlarged left auricle. The 
lesions in the myocardium in a case of rheumatic fever are so well known 
that they need not be described here. 

Fiedler’s Myocarditis . — Scott and Saphir, 10 in 1929, reviewed thirty 
cases from the literature. Only two were in children 10 years of age, or 
younger. One child was 3 years old, and the other was 6. In both cases 
the heart was enlarged. This disease is extremely rare in infants and 
young children. Excellent monographs with complete bibliography are 
available! 6 ' 18 These individuals may have a low-grade fever, signs of 
myocardial failure, and definite electrocardiographic changes. The heart 
is the seat of an acute isolated myocarditis and the lesions are char- 
acteristic. 

Infections of Knoivn Etiology . — The heart may be enlarged when af- 
fected by diphtheria, scarlet fever, bacterial endocarditis, syphilis, 19 and 
other bacterial infections. 20 ’ 21 The problem of differential diagnosis here 
is a question of the recognition, or the ruling out, of infections of known 
bacterial origin. The question of other rare forms of myocarditis 21 comes 
up only when the history indicates such a possibility. 

Anemia. Enlargement of the heart in infants and young children can 
occur in severe anemia. 22 While in Puerto Rico, visiting Bailey K. Ash- 
ford, the author was shown children suffering from hookworm infesta- 
tion, complicated by severe anemia. The hearts of these malnourished 
children were apt to be enlarged, and apical systolic murmurs were 
heard. It was Dr. Ashford’s observation that the heart returned to 
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normal size and the murmurs disappeared when the hemoglobin returned 
to normal (after the hookworm disease was alleviated or the malnutrition 
corrected). Similar observations have been reported in adults. 25 

Beriberi . — Vitamin deficiency may lead to beriberi with enlargement 
of the heart. This may occur in eases of malnutrition and should be sus- 
pected particularly in those children who are deprived of proper foods 
and have enlargement of the heart with symptoms of myocardial failure. 
The differential diagnosis can be made by a therapeutic test. These pa- 
tients do not respond to the ordinary treatment for myocardial failure, 
such as xanthine diuretics or digitalis, but do recover when vitamin B is 
administered. 

Von Gierke’s Disease . — This is a disorder of infants or young children, 
due to a disturbance of dextrose metabolism. 24 ’ 25 The most striking fea- 
ture of this disease is the enlargement of the liver, kidneys, or heart. The 
cause of the enlargement is the accumulation of glycogen, in abnormal 
amounts, in the parenchymal cells. The clinical manifestations depend 
upon the extent of the damage to the involved organs. Clinically, there 
are two types: (1) hepatic, and (2) cardiac. The number of reported 
cases of the cardiomegalie type of von Gierke’s disease is still very few. 
Kato 25 found that in no case of cardiomegaly of the von Gierke type had 
the diagnosis been made during life. Usually this disease occurs in in- 
fants 1 year of age, or younger. 

Clinically, there may be a markedly enlarged heart with progressive 
myocardial failure. Colds or infections often precede the onset of myo- 
cardial failure, which is manifested by rapid breathing, cyanosis, and 
edema. In the case reported by Antopol, 24 breathing had been unusually 
rapid ever since birth. There may be generalized weakness. The electro- 
cardiographic findings in the case of Dr. White 3 were normal. A normal 
electrocardiogram, in addition to chemical studies, may be the means of 
differentiating von Gierke’s disease from other types of cardiomegaly. 

The diagnosis in the hepatic type has been made by biopsy of the liver. 
Also, in these cases one may encounter acetonuria, ketonuria, etc. “One 
of the most unusual features has been the failure of the adrenalin to 
induce an appreciable increase in blood sugar or blood lactic acid or to 
diminish ketonuria.” 25 The blood sugar in the fasting states has been 
found to be low. Chemical studies should be made in all cases of 
cardiomegaly in children when the etiology is obscure, in order to rule 
out von Gierke ’s disease. 

Post-mortem studies have helped to clarify this condition. At autopsy, 
it is not difficult to differentiate glycogen-storage disease from other 
forms of cardiomegaly. In the cardiomegalie group the size of the heart 
may be more than four times the normal. The enlargement is caused by 
marked hypertrophy. The walls of the ventricles are thickened and the 
ventricular cavities appear small. The myocardium is firm and thick, 
and on cross section appears “reddish-pink, mottled with pinkish 
grey.” 25 The liver and kidneys may be enlarged. 
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On microscopic examination of the heart one finds a diffuse vacuoliza- 
tion of the muscle fibers. On cross section “the muscle cells appear in 
the form of hollow cylinders surrounded by delicately striated proto- 
plasmic walls .” 4 According to Ivato , 25 “many, if not all, of the children 
of the cardiac group had a similarly moderate involvement of the liver 
and kidneys. ” The skeletal muscle may also be the seat of such lesions. 
Glycogen stains made on fresh material, properly fixed, reveal glycogen 
storage in the heart, liver, kidneys, or skeletal muscle in abnormal 
amounts. Kato 25 warns, however, that we must avoid the error of at- 
taching too much significance to the presence of small amounts of gly- 
cogen, even in enlarged organs. 

Hypertension . — Enlargement of the heart associated with hyperten- 
sion, either primary or secondary, has been found in children. Hyper- 
tension following rheumatic fever 2 * 1 ’ 27 or associated with suprarenal 
tumors 28 presents a definite clinical picture for differential diagnosis. In 
cases of spinal deformities, hypertrophy and dilatation of the heart may 
occur . 29 ’ 30 In these instances the enlargement of the heart is usually 
right-sided, and is believed to be secondary to hypertension of the lesser 
circulation. 

SUMMARY 

The cause of enlargement of the heart in infants and young children 
is still a fertile field for investigation. Only in recent years has it been 
demonstrated that in many cases what was formerly called “idiopathic 
hypertrophy” of the heart was in reality associated with congenital mal- 
formations, rheumatic fever, glycogen-storage disease, myocardial degen- 
eration and fibrosis, etc. 

Eight cases of enlargement of the heart in infants and young chil- 
dren, presenting a definite clinical syndrome, have been described (one 
herein and seven in a previous paper 1 ). 

Cases of dilatation and hypertrophy of the heart, associated with myo- 
cardial degeneration and fibrosis, are by no means rare. They constitute 
the greatest number of those formerly included under the title of 
“idiopathic hypertrophy.” 1 ’ 5 

The differential diagnosis of the various forms of cardiomegaly has 
been briefly outlined. 

A tentative classification of the various forms of enlargement of the 
heart has been suggested. 

It has been emphasized that the term “congenital idiopathic hyper- 
trophy ’ ’ of the heart is not only undesirable but also confusing. In most 
instances the cause or nature of the enlargement of the heart in an infant 
or young child can be determined if the various criteria or diseases, as 
outlined, are kept in mind. 

The author is indebted to Dr. Bela Schick for the use of the clinical material 
from his service at the Mount Sinai Hospital of New York City. 
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BODY BUILD AND HEART SIZE 


A Study of Twenty Pairs of Identical Twins and Fifteen Pairs 
of Unrelated Individuals Witi-i Similar Body Height and Weight 

Wilfrid J. Comeau, M.D., and Paul D. White, M.D. 

Boston, Mass. 

T HERE have been a number of clinical and anatomic studies in 
which various body measurements have been correlated with the 
size of the normal heart. Roesler, 1 in his recent text on cardiovascular 
roentgenology, gives an excellent, comprehensive, and critical summary 
of this material. It is generally agreed that, of the body measurements, 
body weight and body surface area give the highest degree of correla- 
tion with heart size. Body height, as a criterion, has been found 1o 
be of much less significance, while age, in the adult, has no value as a 
correlation factor. In view of the interest in the correlation of isolated 
somatic measurements with the size of the heart, it is surprising that 
more data are not available on heart size in individuals of similar 
body build. 

The ideal group for such a study is, of course, identical twins. Al- 
though twins have been a source of anthropometric interest in other 
respects, there exists little information about the cardiovascular system 
other than a few general statements that, the shape of the heart, the 
pulse rate, and the blood pressure are not infrequently quite similar 
in identical twins. We have found no published data which deal 
specifically with heart measurements in twins other than two reports 
in the German literature, one by von Verschuer and Zipper! en 2 and 
the other by Gurewitsch, 3 although Weitz, 4 without presenting measure- 
ments, does make a general statement, based on orthodiagrams, that the 
hearts of identical twins resemble each other very closely. Curtins 
(quoted by Gurewitsch) bases a similar conclusion on the size of the 
heart as determined by percussion. The studies of von Verschuer and 
Zipperlen and of Gurewitsch are not without objection, since they both 
made only one measurement, the transverse diameter of the heart. 
Furthermore, their principal interest was an evaluation of such factors 
as heredity, environment, and childhood diseases, on variations in the 
shape and size of the heart rather than an evaluation of the influence 
of body structure. 

It seems justifiable to assume that the body build of a pair of 
identical twins will be much more similar than will be the case in two 
unrelated individuals of the same height and weight. However, in view 
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of the fact that the objection might be raised that apart from body 
structure genetic influences per se might have a direct influence on the 
size of the heart, it seemed highly desirable to compare the data on 
twins with the data concerning a group of pairs of unrelated individuals 
of the same sex with similar body height and weight. 

MATERIAL AND METHOD 

In each instance the twenty pairs of twins were regarded as identical because of 
the very close similarity of their general appearance and of other gross physical 
characteristics. The fifteen pairs of unrelated individuals were chosen from a large 
group of subjects on whom determinations of heart size had been made for another 
purpose. These unrelated pairs were selected only on the basis of identical sex and of 
close similarity in body height and weight. In both groups the hearts were clinically 
normal and the individuals were in a good state of general health. 



Fig. 1. — Teleoroentgenograms of identical twins (Case 13), showing the close similarity 
of both the size and the shape of their hearts. 


Orthodiascopy was the radiographic method employed throughout this study. The 
frontal orthodiagram was made in the usual manner, and the standard methods were 
employed for determining the various measurements. A planimeter was used to com- 
pute the frontal cardiac area. The cardiac volume was estimated by the Bohrer- 
Ivahlstorf formula, which consists of the product of the frontal cardiac area and 
the horizontal depth diameter of the heart in the lateral position, multiplied by the 
constant 0.63. We have made the subject of a recent report 5 an evaluation of this 
method of determining heart size. The heights of the subjects, without shoes, were 
measured in centimeters, and their weights in kilograms, with the heavier articles 
of clothing removed. 


DISCUSSION 

The tabulated data (Table I) show clearly that there is a striking 
similarity in the various heart measurements of identical twins. Of 
great interest are the results in the unrelated subjects (Table II), par- 
ticularly when it is realized that these pairs of individuals were chosen 
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only on tlie basis of corresponding- height, weight, and sex. Table III 
summarizes the significant data given in Tables I and II. 

As pointed out above, in spite of similar height and weight, the 
general body build in unrelated individuals will vary considerably 
more than in identical twins, due to constitutional and racial differences 
in body structure. In this connection it is interesting to note that 
the greatest variation in the measurements occurred in the internal 
diameter of the thorax in the unrelated individuals. This is taken 
to indicate that in this group there actually existed a definite and ap- 
preciable difference in body build of the pairs in spite of similar height 
and weight. Considering this factor we feel that even the heart size 
of these pairs of unrelated individuals showed an amazing degree of 
similarity. 

Table III 


Average op Differences Between Cardiac Measurements of Pairs of Identical 
Twins and Pairs of Unrelated Individuals of the Same Sex With 
Similar Body Height and Weight 
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We feel justified, therefore, in concluding that, although individual 
somatic measurements correlate to a varying degree with heart size, 
the highest degree of correlation will be found when the various body 
measurements are considered in the composite form of body build. 
Further, we believe that the influence of genetic, racial, and environ- 
mental factors on the heart is principally through their effect on body 
structure, of which all organs, including the heart, are integral parts. 

SUMMARY AND CONCLUSIONS 

1. The heart size as determined by several orthodiascopic measure- 
ments was investigated in twenty pairs of identical twins and in fifteen 
pairs of unrelated individuals of the same sex with similar body height 
and weight. 

2. The data show a close correspondence of heart size in the identical 
twins. In the pairs of unrelated individuals the similarity in the 
heart measurements, although less marked, is rather close, particularly 
when constitutional and racial differences in body structure which are 
not brought out by height and weight alone are considered. 
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3. The conclusion is reached that heart size in normal individuals is 
dependent principally on body build, and that genetic, racial, and 
environmental factors are usually important chiefly as they affect body 
structure. The combination of height and weight, although the best 
index of body build which exists at present, is not completely satis- 
factory. We hope that antlirometric studies may produce a more 
reliable index for expressing body' build and thereby offer a more 
satisfactory measurement to correlate with heart size. 
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THROMBOANGIITIS OBLITERANS IN A DIABETIC 

William S. Collens, M.D., and Nathan D. Wilensky, M.D. 

Brooklyn, N. Y. 


W E HAVE had occasion to observe that clinicians frequently loosely 
employ the term “endarteritis” to describe most cases of oblitera- 
tive peripheral arterial disease. Because of this laxity in terminology, 
the peripheral circulatory impairment in diabetes has often been called 
‘ ‘ endarteritis obliterans. ’ ’ 

We are prompted to present this report in order to stress the impor- 
tance of greater clarity and accuracy in the clinical differentiation of 
organic obliterative disease of inflammatory and degenerative or arterio- 
sclerotic origin. It must be remembered that the term “endarteritis” 
should signify the existence of an inflammatory process in the intima of 
an artery. The most common inflammatory disease encountered is 
thromboangiitis obliterans. Other conditions that produce arteritis are 
tuberculosis, syphilis, pneumonia, rheumatic fever, typhus fever, typhoid 
fever, and periarteritis nodosa. 

The outstanding type of arterial impairment which occurs in diabetes 
is the degenerative form known as arteriosclerosis obliterans. Its ear- 
marks are degenerative changes in the intima and the media, which as- 
sume a fairly definite pattern. Winternitz and his co-workers 1 have 
recently published a most significant monograph on this subject. They 
present evidence to show that the degenerative lesion which eventuates 
in the reduction of the lumen of a major artery arises from hemorrhage 
from the vasa vasorum into the intima or media. This hemorrhage is 
then followed by a reaction characterized by an increase in the vas- 
cularity of the wall of the vessel, hyaline degeneration in the area of the 
hemorrhage and, finally, fibrosis and calcification. A cross-sectional 
study of the artery will usually show the pathologic changes just de- 
sciibcd, with so much thickening of the wall of the vessel as to encroach 
upon the lumen. 

The piesence of thromboangiitis obliterans as a causative factor in 
impaii ment of arterial flow in diabetes is an extremely rare phenomenon. 
A search of the literature has disclosed three reports, including only six- 
cases, of which four can be accepted as authentic. 2 * 3 > 4 In order to es- 
tablish beyond question a diagnosis of thromboangiitis obliterans in a 
diabetic, it is necessary to possess clinical data which are pathognomonic 
or, bet ter still, histologic evidence. The presence of peripheral cir- 


1,10,11 Hiubetic Clinic and Department of Medicine. 
Received for publication Oct. 2 , 1938. 
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dilatory impairment in a diabetic usually means arteriosclerosis unless 
proved otherwise. 

We have just encountered a case of a diabetic with peripheral vas- 
cular disease and gangrene of a foot in which histologic study of the 
arteries disclosed the existence of thromboangiitis obliterans. The ex- 
treme rarity of the combination of diseases prompts us to present this 
ease. 

case report 

S. I., 42 years of age, an Italian Jew and a rabbi by profession, first came under 
observation Sept. 23, 1937. He complained of burning pain in both feet for a 
period of five years. He also had intermittent claudication which had become pro- 
gressively worse, so that at the time of admission to the hospital lie experienced 
a cramp in his calf muscles on walking 200 feet. He also complained of rest 
pain and found some relief by hanging his legs over the side of the bed. During 
this five-year period he had been treated with hypertonic salt solution intravenously 
and diathermy and had ceased smoking. He had formerly smoked thirty-five 
cigarettes a day. 

Examination on admission disclosed evidence of marked impairment of the blood 
supply of both legs, worse on the right than the left. No pulsations were palpable 
in the dorsalis pedis, posterior tibial, and popliteal arteries of the right leg. The 
left dorsalis pedis pulsation was feeble. There was a small ulcer on the dorsal 
surface of the right small toe. The Buerger test was positive, more so on the right 
than the left. 

Oscillometric readings were as follows: Above knee — right, 0, left, below 
knee — right, 0, left, trace; at ankle — right, 0, left, 0; dorsalis pedis— -right, 0, left, 0. 

The venous filling time 3 was fifty seconds in the right foot and thirty-four 
seconds in the left. 

During his stay in the hospital it was discovered that the patient had diabetes. 
On one occasion the sugar content of the urine was i per cent. His fasting blood 
sugar was 23S mg. per cent. The nonprotein nitrogen content of the blood was 
normal. The blood Wassermann reaction was negative. The blood pressure was 
170/110. Roentgenologic studies of his extremities failed to disclose any calcifica- 
tion of his arteries. The electrocardiogram showed left axis deviation and was 
otherwise normal. The glucose tolerance test disclosed a typical diabetic curve. 

These findings were indicative of extensive interruption in peripheral arterial 
flow, more especially in the right leg. Clinically, one was justified in making 
a diagnosis of arteriosclerosis obliterans. The absence of calcium deposits, as 
shown roentgenologically, left the diagnosis somewhat in doubt, for such extensive 
circulatory impairment is almost always accompanied by such deposits in the walls 
of the arteries. His diabetes was adequately controlled with a diet containing 
250 gm. of available glucose, together with 30 units of insulin daily. Local con- 
servative therapy failed to relieve the patient of pain and the gangrenous ulcer 
became progressively larger. He left the hospital Oct. 25, 1937, and was admitted 
to the St. Luke’s Hospital November 23, where a mid-thigh amputation of his 
right leg was performed. The operative wound healed by primary union. The 
following are the microscopic findings, which Dr. Leila Knox, the pathologist, was 
kind enough to send us. 

“Sections through the popliteal artery show the medial coat free of calcification 
and only a little sclerotic. Some new blood vessels penetrate throughout the 
muscle. Occupying the lumen and attached to the intimal coat is a large amount 
of hyaline thrombus. One portion of its base is invaded by giant cells of the 
foreign-body type, some containing fat droplets, fibroblasts, and mononuclear cells. 
Other areas show the lumen completely obliterated by old hyalinized connective 
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Fig. 1. — Section of popliteal artery showing inflammatory infiltration of intima. 
Hyaline degeneration and fibrosis of intima are seen in the upper left-hand portion 
of the photograph (magnification X125). 

tissue and a few recanalized vessels. Portions of the fibrous tissue contain calcium 
salts. Sections of the anterior and posterior tibial and dorsalis pedis arteries 
show the lumen free and their walls for the most part very slightly altered. Purely 
a vessel shows some calcium infiltration in its media. Some of the nerve fibers 
show degenerative changes with round cell infiltration (Figs. 1 and 2). 

“The diagnosis, based upon the histologic study, is thromboangiitis obliterans.” 

DISCUSSION 

A clinical diagnosis of thromboangiitis obliterans can be made only 
in the presence of certain adequate criteria, which include evidence of 
peripheral circulatory impairment in an adult under the age of 40 years, 
a history of migrating phlebitis, and the absence of calcification of the 
vessels. It is not absolutely essential that migrating phlebitis be pres- 
ent. Its association with the disease, however, is pathognomonic of 
thromboangiitis obliterans. On the other hand, if the patient is a dia- 
betic past the age of 40 years, if hypertension is present and there are 
calcium deposits in the arterial walls, the diagnosis of arteriosclerosis 
obliterans cannot be doubted. 
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Fig. 2 — High-power view of inflammatory lesion showing foreign body giant cell, 
fibroblasts, and mononuclear cells (magnification X800). 

In the case which we have reported an absolute diagnosis could not 
be made on the clinical manifestations alone. Although the patient was 
a diabetic and had hypertension, the fact that his peripheral arteries 
could not be visualized roentgenologically and that the arterial blood 
supply of his legs had been impaired since he was 37 years of age sug- 
gested that the peripheral vascular disorder was not of arteriosclerotic 
origin. It remained for the histologic examination of his major vessels 
to finally establish the fact that in addition to a mild degree of arterio- 
sclerosis the patient suffered from thromboangiitis obliterans. 


SUMMARY 

A case of thromboangiitis obliterans in a diabetic is reported. This 
is a very rare occurrence. 
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COARCTATION OF THE AORTA WITH ASSOCIATED STENOSIS 
OF THE RIGHT SUBCLAVIAN ARTERY 

William S. Love, Jr., M.D., and Joseph H. Holms, M.D. 
Baltimore, Md. 

K ING 1 has recently reviewed the blood pressure readings in 170 re- 
ported cases of coarctation of the aorta, and has added five more 
cases to the literature of this subject. There were only ten cases in 
which a significant disparity of pressure in the two arms was present, 
and, of these ten patients, nine had a higher pressure in the right arm 
than in the left, possibly due to involvement of the isthmus of the aorta 
and the mouth of the left subclavian in the same fibrotic anomaly — an 
explanation offered by Parkes-Weber and Knop, 2 who quote D. E. 
Bedford’s description of such an instance. East 3 reported one case in 
which the blood pressure in the left arm was found to be 195/145 and 
that in the right arm, 135/100. No autopsy examination of this patient 
was made. However, in a second case, upon which clinical observations 
were not available, autopsy revealed stenosis of the isthmus of the aorta 
and an anomalous origin of the right subclavian which might have re- 
sulted in interference to the circulation of the right arm. He suggests 
that some such anomaly as this might have been the explanation of the 
lower blood pressure observed in the right arm in the first case. We 
wish to report the following case, in which the same type of inequality 
of the pressures in the two arms was present, and for which peculiarity 
an adequate cause tvas discovered. 

report of case 

A colored man, 44 years old, was admitted to one of the hospitals of Baltimore, 
Oct. 17, 1932. He complained of a sore throat and an ulcer in the roof of the 
mouth. Water came through his nose whenever he drank. There had been a 
penile lesion at the age of IS years, and the patient admitted liaA T ing had three 
or four gonorrheal infections. There were no subjective symptoms of cardiovas- 
cular disease. 

Physical examination revealed a well-developed and well-nourished colored man. 
The pupils reacted normally. There was a perforating ulcer of the posterior 
portion of the hard palate; it entered the left nasal cavity. Several small lymph 
nodes were palpable in the left posterior triangle of the neck. No abnormalities 
were noted on examination of the lungs. Marked pulsation of the left carotid, 
and pulsation both above and below the left clavicle, were readily detected. There 
was a strong pulsation in the suprasternal notch, and the examining physician 
felt that there was a mass at this location. The heart was reported to be enlarged 
to the left, and a loud systolic murmur was heard over the entire precordium, 
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but was maximal at the apex. The pulse rate was 92 and the pulse was said to 
be noticeably stronger in the left arm. The blood pressure was 210/95 in the left 
arm, and 150/90 in the right arm. Other findings were essentially negative. A 
diagnosis of probable syphilitic ulceration of the hard palate and aneurysm of 
the aorta was made. 

Nothing is known of this patient’s subsequent course until he was readmitted 
to the same hospital and died there of bronchopneumonia in June, 1935. The 
diagnosis was changed to carcinoma of the hard palate during this admission. 



Fig. 1. Fig. 2. 

Fig. 1. — The heart has been moved to the right. The innominate and left common 
carotid arteries arise from a short trunk. The right subclavian artery is markedly 
stenosed at its point of origin. The right internal mammary artery is placed across 
the heart so that it may be compared with the very much larger and more tortuous 
artery on the left. The ligamentum arteriosum is readily seen extending from the 
pulmonic artery to the stenosis at the isthmus of the aorta. There is a knoblike 
dilatation of the aorta just distal to the coarctation. The dilated and tortuous left 
intercostal arteries are striking, and there has been considerable erosion of the ribs. 

Fig. 2. — In this view the heart has been reflected to the left. A single large 
arterial trunk arising from the aorta below the site of coarctation courses upward 
and to the right, and in this illustration appears from behind the azygos vein. From 
this artery arise the second, third, and fourth right intercostals. The second inter- 
costal anastomoses with the right superior intercostal, and two other anastomosing 
branches arise from the anomalous trunk. The arterial flow to the right sub- 
clavian distal to the point of stenosis takes place through these channels. The right 
intercostals are only slightly dilated and tortuous from the fourth down. The artery 
(A) seen looping in front of the vertebrae is a tortuous branch of the left thyreo- 
cervical trunk which anastomoses with the second intercostal on the left. 

No autopsy was obtained. However, the body was assigned to the Anatomy 
Department of the University of Maryland, where one of us was asked to see 
it because of an anomalous aorta. The above history was then obtained. 

Description of Specimen . — The anatomical findings to which we especially wish 
to call attention were as follows: The left common carotid and the innominate 
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arteries took origin from a common trunk. The right subclavian arose from the 
innominate and at its point of origin was not wider than several millimeters. 
It reached its maximum width at the vicinity of the origin of the inferior thyroid 
and internal mammary arteries and the cervico-acromial trunk. A large artery, 
arising from the arch of the aorta, gave origin to the second, third, and fourth 
intercostals on the right. The second intercostal anastomosed with the right superior 
intercostal, which was a branch of the costocervical artery ; this last vessel arose 
from the subclavian distal to the point of stenosis. Doubtless the greater part of 
the arterial flow to the subclavian artery distal to the stenosis took place through 
this channel. On the right side all of the arteries that customarily play a role in 
the collateral circulation of isthmic stenosis were much smaller than those on the 
left. 



Fig. 3. — This illustration displays the extreme tortuosity of the left intercostal 
arteries, and the resulting erosion and notching of the ribs. The origin of the in- 
norninate and left common carotid arteries from a short trunk is shown. This anomaly 
doubtless was responsible for the clinical impression of a pulsating mass below the 
suprasternal notch. 


Coarctation of the aorta was obvious, and there was a knoblike dilatation of the 
thoracic aorta just below the site of stenosis. The tremendously dilated and tor- 
tuous intercostals, internal mammary, and other vessels playing a role in the 
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collateral circulation on the left side were striking. Except for the anomalies 
described above, the collateral circulation developed in this case did not differ 
in any important detail from that which usually occurs in coarctation of the aorta. 

CONCLUSION 

We have described a case of coarctation of the aorta in which the very 
unusual finding of a much lower blood pressure in the right arm than 
in the left was present. An associated stenosis of the right subclavian 
artery offered an adequate explanation for this clinical observation. So 
far as we have been aide to ascertain, this is the first ease of this type 
reported in the literature. 
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Try, William E., and Swanson, Edward E.: Digitalis Assay by the Cat Method 

Under “Sodium Amytal” Anesthesia. .1. Am. Phnrm. A. 28: 80fl, lji.'i**. 

As anesthetics, in the assay of digitalis bv the eat method, two short-acting 
barbituric acid derivatives were compared with ether. 

When the eats were anesthetized with the barbituric acid compounds, it re- 
quired more digitalis to kill than with ether. 

The size of the cat unit for digitalis varies with the anesthetic agent used, 

Ai'THOUP. 

Johnson, J. Raymond, and D1 Palma, Joseph R.: Intramyocardial Pressure and 

Its Relations to Aortic Blood Pressure. Am. J. Physiol. 125: 251. limp. 

A method of optical recording is described for measuring directly the extent 
of the intrnmyornrdinl pressure at any desired depth in the wall of the left ven- 
tricle, and the contour of such pressure curves is described. By means of simul- 
taneous records of the pressure from the ventricular wall and from the aorta the 
following important relations tire found to obtain: 

1. During the height of systole there exists in the wall of the ventricle tt 
gradient of pressure decreasing from the deeper to the more superficial layers. 

2. In the depth of the myocardium this pressure is always greater than aortic 
pressure but in the superficial layers it may be equal to or even less than the 
pressure in the aorta and coronary arteries. 

These results indicate that while the deeper coronary vessels must become com- 
pletely occluded during the height of cardiac contraction there may be a con- 
tinuous forward movement of blood in the more superficial layers of the myo- 
cardium. 

Authors. 

Briiner, H., and Mortens, W.: Experimental Changes in Blood Volume I. Blood 

Pressure and Pulse Rate Following Bleeding. Arch. f. KreislauiTorseh. 3: 228, 
1038. 

Studies were carried out on twenty-four dogs in whom acute hemorrhages were 
produced. The effect of hemorrhage was compared in some animals before and 
after denervating the reflex buffer nerve mechanism (carotid sinus and aortic end 
organ areas). The buffering nerve mechanism was found able to cope, as far as 
blood pressure is concerned, with a loss of as much as 20 per cent of the blood 
volume. With each further loss of blood up to d0 per cent of the blood volume, the 
effect on blood pressure became greater. Beyond d0 per cent the further loss of 
blood had less effect on blood pressure. The lowest point attained by the blood 
pressure is 35 to do. The pulse rate increases progressively with hemorrhage and 
reaches its maximum when the blood pressure reaches its lowest level. 

In the animal with denervated buffer nerve mechanisms, the blood pressure fall 
is progressive in successive hemorrhages and reaches its low point of 55 io d5. 
The initially rapid heart rate is not changed significantly. 
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The amount of blood which can be lost before the nerve buffering mechanism 
fails is dependent on the initial blood pressure. 


Katz. 


Eckey, P., and Vorwerk, W.: The Effect of Strophanthin on the Gaseous Metabo- 
lism and Heart Minute Volume in the Presence and in the Absence of Buffer 
Receptors. Arch. f. Kreislaufforseh. 3: 235, 193S. 

Fifteen dogs were used and anesthetized with urethane. The effect of intra- 
venous strophanthin was observed before and after denervating the buffer recep- 
tors (carotid sinus and aortic areas). In animals with the buffer nerves intact, 
the minute volume decreases following strophanthin. At the same time the oxygen 
consumption and blood pressure were unchanged. In animals with the buffer re- 
ceptors denervated, the minute volume of the heart, the blood pressure and the 
oxygen consumption increased. 

On the basis of these results, the authors postulate the possibility that the dif- 
ference in action of strophanthin in normal and failing hearts might be due to a 
loss of buffering nerve receptor activity. 

Katz. 

Meyer, F.: A Manometer With Photoelectric Registration (Air Bubble Manom- 
eter). Ztsehr. f. Kreislaufforseh. 30: 734, 193S. 

A blood pressure manometer is described briefly. This consists of a horizontal 
tube with a gas bubble in it so situated as to be interposed between a light 
source and a photoelectric cell. The size of the gas bubble varies with the pres- 
sure in the manometer and so alters the amount of light permitted through. This 
is recorded by the photoelectric cell. When calibrated, the pressure values can be 
determined. 

Katz. 

Griffith, J. O., Zinn, C. J., and Comroe, B. I.: Effect of Sympathectomy on the 
Vasa Vasorum of the Rat. Arch. Path. 26: 984, 1938. 

While it may be assumed that the vasa vasorum share in the general response 
of blood vessels to sympathectomy, this has never been demonstrated. By inject- 
ing particulate matter into the circulation of rats in which bilateral lumbar sym- 
pathectomy had been performed and into normal rats, the authors have found that 
the number of vasa vasorum in the femoral artery of the rat is increased five days 
after lumbar sympathectomy. 

Naide. 

Cottenot, P., and Heim de Balsac, R.: Experimental Anatomical-Radiological 
Study of the Circulatory System of the Normal Newborn Infant by Post- 
Mortem Shadows. Gynee. et obst. 35: 251, 1938. 

Post-mortem injections of the various chambers of the heart in eight stillborn 
children, showed the position of the ventricles relatively more anterior in relation 
to the auricles than in the adult. The whole heart is more globular and larger in 
proportion to the thorax. The left auricle (tying posteriori}-) and the right ven- 
tricle (tying anteriorly) have relatively small volume; this is explained by the in- 
active state of the pulmonary circulation. For the same reason the pulmonary 
vessels also are poorly developed. The aortic arch is entirety to the front and to 
the left of the midline, and the ascending and descending limbs of the arch are 
seen side by side rather than behind each other. The trunk of the pulmonary 
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artery is in striking contrast to the branches which arc quite small, while the 
trunk is continuous with the ductus arteriosus. This creates an x-ray shadow very 
similar to that of persistent ductus arteriosus in the adult. 

Jensen. 


Burch, George E., and Sodeman, William A.: A Direct Method for the Determina- 
tion of Venous Pressure; Relationship of Tissue Pressure to Venous Pressure. 
J. Clin. Investigation 18: 31, 1930. 

The application of the tissue pressure apparatus to the direct determination of 
venous pressure was highly satisfactory and disclosed definite advantages. 

Comparison of indirect and direct determinations of venous pressure on the 
same vessel indicates that the former arc in error by approximately the tissue 
pressure. This factor becomes increasingly important as the venous pressure de- 
creases. 

Authors. 

Hollmann, H. E., and Hollmann, W.: The Einthoven Triangle Compared With 
Other Lead Combinations. AtcIi. f. Kreislaufforseh. 3: 191, 193S. 

The first section deals with the mathematical and graphic solution of Eint- 
hoven ’s formulations. It is restated that formula Lead II = Lead I + Lead III 
applies to any triangle, not only to the equilateral one. As for the geometric 
aspects of the Einthoven triangle, there are definite limits in applying it actually 
because of eccentricity of the heart and nonhomogeneity of the body field. 

In the second section the author used four schemes to get the vcctorgram (rec- 
ord of the resultant vector during the heart cycle inscribed as a standing wave 
on a cathode ray oscillograph), two of which arc rather elaborate; the others 
were chest triangle and the limb triangle respectively. These were all similar. 

Katz. 


Grosse, F.: Electrocardiographic Findings in Cardiac Infarctions With Various 
Chest Leads. Arch. f. KrcislaufTorseli. 3: 2-15, 193S. 

This is a study based on nineteen patients, of whom sixteen had anterior, eight 
had posterior, and five had combined anterior and posterior infarcts. The author 
correlated clinical and electrocardiographic findings. The value of chest leads is 
emphasized especially when the limb leads are atypical. An ]\ [-shaped QRS and 
an elevated S-T segment were found at autopsy to have occurred in a patient with 
combined infarction. In determining prognosis the clinical and not the electro- 
cardiographic findings are important. 

Katz. 


Levy, Robert L., Bruenn, Howard G., and Russell, Nelson G., Jr.: The Use of 
Electrocardiographic Changes Caused by Induced Anoxemia as a Test for Coro- 
nary Insufficiency. Am. J. M. Sc. 197: 241, 1939. 

A method has been described for inducing generalized anoxemia without rebreath- 
ing: employing an apparatus which enables the subject to breathe a mixture of 
10 per cent oxygen and 90 per cent nitrogen at the normal rate of pulmonary ventila- 
tion. 

Changes in the form of the electrocardiogram have been analyzed following the 
induction of anoxemia in 105 persons, comprising 66 normals, 23 with disease of the 
coronary arteries, 11 in whom coronary disease was suspected but doubtful, and 5 
with severe anemia. 
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Criteria for normal and abnormal responses have been evolved. It is recognized 
that the material is relatively small and that the criteria must be regarded as tenta- 
tive. It has not been possible, thus far, to correlate the clinical diagnoses with the 
anatomic lesions. 

Changes regarded as abnormal have occurred in patients with clinical symptoms 
and signs of coronary insufficiency. Similar alterations have been observed in those 
with anemia but without signs of cardiac disease. 

There have been no serious untoward effects. Because of two unpleasant reactions, 
it is suggested that the test should not be given to patients with cardiac insufficiency 
and should not be repeated in the same patient within twenty-four hours. 

Changes in the form of the electrocardiogram caused by induced anoxemia may be 
used as a clinical test for insufficiency of the coronaiy circulation, whether this be 
manifest or latent. An index is afforded of the adequacy of the ‘ * coronary reserve. ’ ’ 
It should be of value in distinguishing pain of coronary origin from pain in the 
chest due to other causes, as well as from pain referred from the abdomen. It is 
possible that it can be employed also to study, in man, the effect of drugs and. of 
various surgical procedures on the efficiency of the coronary blood flow. Such studies 
are in progress. 

Authors. 

Masshoff, W.: Influence of Diphtheria on the Size of the Heart and on the Heart 

Muscle Structure. Arch. f. Ivreislaufforsch. 3: 142, 1938. 

This study gives a post-mortem analysis of twenty hearts from patients 114 to 16 
years of age, dying of diphtheria or its complications. Every heart showed an en- 
largement in one of its chambers. Evidence indicates that heart failure was right 
sided in these patients, and there was evidence of myocardial degeneration rather 
uniformly distributed throughout the heart. Inflammatory damage in the heart ap- 
pears to be a complication. 

Katz. 

Lepeschkin, E.: The Normal Chest Electrocardiogram in Childhood. Arch. f. 

Kreislaufforsch. 3: 321, 193S. 

This is a study based on fiftj' normal children of from 2 weeks to 15 years of 
age utilizing ten to twenty roentgen -controlled combinations of chest electrodes and 
left leg or right arm electrodes. 

The initial complex is diphasic. In infants the first upright phase is larger than 
the inverted phase on the right of the sternum. In older children this is true over 
the apex. The difference is attributed to the relative thickness of the two ven- 
tricles at these two ages. The T wave is inverted on the right chest anteriorly and 
upright on the left. On transition a diphasic T is found. This transition is more 
to the left anteriorly in children than in grown-ups and this deviation from the 
midline is greater the younger the child. These differences are related to the more 
lateral position of the interventricular groove, in the younger child. These 
changes are considered in relation with the regional distribution of the activity. 

Katz. 

Keil, Harry: The Rheumatic Subcutaneous Nodules and Simulating Lesions. 

Medicine 17: 261, 1938. 

Consideration of the data presented in this monograph seems to point in the 
direction of the establishment of the following principles: 

The term rheumatic nodule should be applied to those lesions occurring in the 
course of undoubted rheumatic fever. The lesion presents definite characteristics, 
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the most important being the location, the transiency (relative and absolute), and 
the relations to the other rheumatic phenomena, notably cardiac involvement. The 
highest degree of clinical specificity is enjoyed in childhood, and the rheumatic sub- 
cutaneous nodule may be said to be highly specific of rheumatic fever in that age 
group, provided the clinical attributes correspond closely with those mentioned in 
the text. 

The specificity of the rheumatic nodule is dependent on its clinical properties 
and relations. The combination of pathologic changes found in microscopic ex- 
aminations, while often suggestive, shows no pathognomonic characteristics and may 
be simulated by other lesions. 

The true rheumatic nodule is practically always associated with clinical evidence 
of cardiac involvement in one form or another. The evidence compiled in this 
monograph substantiates the view that disease of the heart is the fundamental 
hall-mark of rheumatic fever. This may not always be evident clinically, but its 
occurrence is to be expected at post-mortem examination. When evidence of cardiac 
involvement in one form or another is completely lacking at necropsy, there is 
reason to believe that the case was not one of rheumatic fever and the burden of 
proof rests on those who wish to classify the condition in the rheumatic category. 
On the other hand, the presence of rheumatic heart disease, particularly if the 
changes are old and healed, does not necessarily indicate that nodules appearing 
at the time are inevitably related to the rheumatic process; each case must, there- 
fore, be evaluated critically, and the factor of coincidence must be taken into ac- 
count. The difficulties inherent in this problem are increased, owing to the lack of 
uniformity in the pathologic criteria for the recognition of rheumatic fever. 

The typical nodule in rheumatoid arthritis differs from that in rheumatic fever 
in many clinical attributes and in some pathologic respects. The clinical differ- 
ences appear to be more important than the pathologic differences, the latter still 
requiring evaluation. 

The nodule in rheumatoid arthritis shows greater resemblances to the juxta- 
artieular node in syphilis. This is especially true in a clinical sense and it prob- 
ably also holds pathologically, if the ordinary methods of staining are used for 
microscopic study. On the other hand, it is possible that investigations pursued 
by supravital staining (McEwen) may furnish data of differential diagnostic im- 
portance. 

The conception of the syphilitic nodule as an entity rests on three features: (1) 
its association with other manifestations of syphilis; (2) the almost invariable 
presence of a positive Wassermann reaction; (3) the striking response to anti- 
syphilitic remedies. 

The controversy regarding the relative incidence of subcutaneous lesions in rheu- 
matoid arthritis and in syphilis is clarified by the realization that both varieties of 
nodules occur, but that their respective incidence will be governed largely by the 
type of material under observation. 

The pathologic criteria for the diagnosis of a “rheumatic nodule” are discussed 
critically. Evidence is presented to show that these appearances, as observed in 
the ordinary microscopic examinations, are not pathognomonic of a single disease. 
How far the supravital studies will provide criteria for the differentiation of the 
various nodules is still problematic, but it is a method worthy of extended investi- 
gation. Caution is advised in drawing etiologic conclusions on the basis of morpho- 
logic resemblances. 

Author. 

Hadfield, G-.: The Rheumatic Lung. Lancet 2: 710, 1938. 

The primary lesion responsible for the consolidation of the “rheumatic lung” 
is widespread fibrinous alveolitis. This is followed by a cellular infiltration, mono- 
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nuclear in type, relatively slow in development hut eventually becoming copious 
and diffuse. 

In fatal cases this primary lesion is complicated by hyaline pseudomembrane 
formation in most of the alveolar ducts in the consolidated lung. 

As in other varieties of pneumonitis this process takes place in lungs in which 
the finest ramifications of the airway contain viscid albuminous exudate and after 
a period of severe inspiratory dyspnea. 

The dyspnea which initiates membrane production in the rheumatic lung is prob- 
ably primarily cardiac in origin. 

Author. 

Goormaglitigh, Norbert, and Handovsky, Hans: Effect of Vitamin D., (Calciferol) 

on the Dog. Arch. Path. 26: 1144, 193S. 

The authors have made extensive pathologic and pharmacologic studies, extend- 
ing over a period of three years, of the effect of calciferol (vitamin D„) on the 
dog. Observations were centered on the arterioles of the kidney. Moderate daily 
doses of calciferol caused hypertrophy and morphologic changes indicative of 
increased cell metabolism in both types of cells in the arteriolar media (the ordi- 
nary smooth muscle and the afibrillar cell). The afibrillar cells are identical with 
the cells found in the glomi or arteriovenous shunts in the skin. Larger but non- 
lethal doses do not affect the afibrillar cells but cause regressive changes in the 
smooth muscle cells. Some of these changes are reversible after discontinuation 
of the treatment. These regressive changes are present to a smaller extent in the 
arterioles of the spleen, neurohypophysis, thyroid, gonads, adrenal and pancreas. 
In the normal dog calciferol leaves the aorta macroscopically unchanged. With 
the dosage employed, alterations of the elastic membrane or intimal reactions are 
rarely observed. Arteriolar calcinosis is absent. Calciferol in heavy doses causes 
necrosis of the arteriolar media, a lesion similar to that found in scarlet fever and 
eclampsia. 

In the dog’s kidney calciferol causes arteriolonecrosis, witli or without nephritis, 
depending on the dose employed. They offer the following explanation of the 
pathogenesis of the renal lesion. In liypervitaminized dogs tubular lesions are pro- 
duced as a result of the profound changes in the chemical make-up of the blood, 
with marked excretion of calcium. Because of the anatomic connection between 
the vascular pole of the glomerulus and distal part of the distal convoluted tubule, 
damage to the tubule causes mechanical irritation of the vas afferens, with vaso- 
constriction of the arteriole. This vasoconstriction results in glomerular collapse 
or regression. They stress therefore the significance of the tubular lesions in 
nephrosclerosis, pointing out that these lesions are responsible for glomerular re- 
gression. 

Doses of from 50 to 70 micrograms per kilogram cause inversion of the vascular 
response to epinephrine. Heavier doses increase the sensitivity of the hyperten- 
sive response. 

Arterial hypertension develops when the treatment is maintained at a dosage of 
from 100 to 700 micrograms per kilogram per day. Doses not exceeding 250 micro- 
grams per kilogram have a thyrotropic effect. 

The significance of these observations in the problem of human arteriosclerosis 
is discussed. 

Naide. 

Steinert, R.: Hypertension. Does the Mortality Increase in Essential Hyperten- 
sion? A Statistical Analysis. Ztschr. f. Kreislaufforsch. 30: 603, 103S. 

This is an analysis of causes of death of people over 50 from 1025 to 1034. On 
the basis of the assumption that most cases of apoplectic death are brought about 
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by essential hypertension, the author concludes that in Norway no increase occurred 
in the latter in this ten year period since the death rate from apoplexy was un- 
changed (41/10,000 population). By contrast, death from chronic heart disease 
4S per cent in the last five-year period as compared with the first. 

Katz. 

Pickering, G. W.: The Problem of High Blood Pressure in Man. Brit. M. J. 1: 1, 

1939. 

The Herzstein Lectures were delivered before the University of California and 
Stanford University, San Francisco, May 23 to 2G, 193S. 

The author attempts to develop a line of thought rather than to prove a scien- 
tific hypothesis. He discusses the available evidence supporting the theory of a 
chemical substance formed in the kidney which, when liberated, is fixed in the 
blood vessels and results in a rise in blood pressure. 

McCulloch. 

Horton, Bayard T.: The Outlook in Thrombo -Angiitis Obliterans. ,T. A. M. A. Ill: 

21S4, 1935. 

This is a review of 94S patients with thromboangiitis obliterans. The distribu- 
tion as to geography, age, sex, and race is discussed. Twenty-one of the patients 
were women; the remaining 927 were men. 

Ninety-three per cent of the total were smokers. A greater percentage of. amputa- 
tions occurred among the smokers than among the nonsmokers. 

A study of amputations for periods of three, five, and ten years after the onset 
of the disease indicates that approximately 70 per cent of patients will go for a 
period of three years from the onset without the necessity of amputation, whereas 
only GO per cent will go for a period of five years and only 40 per cent for a period 
of ten years without being obliged to undergo amputation. 

Early diagnosis and thorough education of the patient concerning the nature of 
his disease and the care of his extremities are important in preventing amputation. 

Naide. 


Mills, John H., and Horton, Bayard T.: Clinical Aspects of Aneurysm. Arch. Int. 

Med. 62: 949, 1933. 

A total of 596 cases of aneurysm were recorded at the Mayo Clinic in the years 
1925 to 1935, inclusive. In this series of cases, 143 of the aneurysms were intra- 
cranial, 339 were intratlioracic, SO were intra-abdominal, 21 involved the extrem- 
ities, and 13 were of a miscellaneous character. The etiology, symptoms, and phys- 
ical findings of the various types of aneurysms encountered are discussed. Syphilis 
was present in 3.5 per cent of the cases of intracranial aneurysm, in 70 per cent of 
the cases of thoracic aneurysm, in S.S per cent of the cases of intra-abdominal 
aneurysm, in 9.5 per cent of the cases of aneurysm of an extremity, and in 7.7 
per cent of the miscellaneous cases of aneurysm. In a total of 172, or 28.9 per 
cent, of the 596 cases, the diagnosis of aneurysm was verified at operation or 
necropsy. 

Naide. 

Goldbloom, A. Allen, and Lieberson, Abraham: Clinical Studies in Circulatory 
Adjustments. Am. J. M. Sc. 197: 1S2, 1939. 

The factors maintaining circulatory equilibrium, cardiac output, blood volume, 
venous pressure, blood pressure, and circulation time are defined and discussed. 
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Historically the importance of cardiodynamic studies in explaining tlie nature 
of, and circulatory mechanisms involved in certain clinical conditions; hyper- 
tension, central versus peripheral failure, right versus left heart failure, hyperthy- 
roidism, and polycythemia is stressed. 

It has been found useful from the diagnostic and therapeutic points of view 
to group decompensated cardiacs into plus and minus forms of failure, based on 
blood volume readings. 

Prom the practical viewpoint, tlie greatest uses made of cardiodynamic studies 
are in the following: 

1. Borderline eases of hyperthyroidism, where an increased cardiac output, in- 
creased blood volume and rapid circulation time distinguish this condition from 
neurocirculatory asthenia or incipient tuberculosis (in which the above values are 
normal). 

2. In polycythemia vera the very high blood volume and hematocrit reading are 
usually sufficient to distinguish it from tlie symptomatic polycythemias, which do 
not yield such high figures. 

3. In the differentiation between right and left heart failure, aside from clin- 
ical differences, the lengthened arm-to-lung circulation time in right-sided failure 
is of distinct value. By subtracting the arm-to-lung circulation time from the 
total pulmonary circulation time (arm-to-head) one can estimate the speed through 
the left heart circuit. 

4. In decompensation, often the very first sign of right heart failure is an in- 
crease in the venous pressure. 

Authors. 

Davis, D.: The Role of Rest and Exercise in Congestive Heart Failure. New Eng- 
land J. Med. 219: 412, 1938. 

There is no agreement in the literature as to the length of time patients should 
rest after evidence of congestive failure has disappeared, or as to the advisability 
of exercise in convalescence. The historical aspect of these questions is considered. 

The question of the advisability of exercise in convalescence is discussed at 
length. No data were found to support the contention that this therapy improves 
the capacity of the heart. 

Tlie results of prolonged bed rest in eleven cases are compared with those in a 
control group treated in the accepted manner. The course in these eleven cases 
was appreciably better than that in the control group. 

These results call for a program which will take into consideration an adequate 
initial period of rest, adequate subsequent reduction in activity, and periodic 
prophylactic bed rest. Such a program is outlined. 

Author. 

Wolferth, Charles C., and Margolies, Alexander: Movements of Roentgen-Opaque 

Deposits in Heart Valve Areas. Am. J. M. Sc. 197: 197, 1939. 

A cardiac roentgenkymogram timed by an electrocardiogram was made in such 
a way as to demonstrate the movements, toward and away from each other, of the 
apex and of a calcium deposit in the region of the aortic valve. From the data 
obtained in this case and four others (three previously published) in which roent- 
genkymograms were made of calcium deposits in either the mitral valve or aortic 
valve area, tlie following points are emphasized. 

The change in size and shape of the left ventricle during contraction is probably 
due more to shortening of the long axis than to movement of the lateral wall. 
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The floor of the auricle (roof of the ventricle) does not remain in a relatively 
fixed position as is usually assumed, but is pulled vigorously toward the apex dur- 
ing ventricular systole, while the apex is moving toward the base. The directions 
of movement are reversed in diastole. 

The movements of the left ventricular border are much smaller than the move- 
ments of base and apex. The shortening of the long axis may be so great that the 
left border actually moves outward during the early part of systole. The foregoing 
facts should be taken into consideration in any attempt to study ventricular con- 
traction by means of recording the movements of the left ventricular wall. These 
movements may fail to reflect the vigor or extent of the left ventricular contraction. 

The marked movement of the auricular floor, as a result of ventricular contrac- 
tion, must create a powerful suction which is an important factor in bringing about 
auricular filling. 

It is probable that when movements of the external walls of the heart are re- 
stricted, the filling and emptying of its chambers are made possible by the effects 
of ventricular contraction and relaxation on movement of the tissues separating 
auricles and ventricles. 

Author. 

Reid, Mont R., and McGuire, Johnson: Arteriovenous Aneurysms. Ann. Surg. 

108: G43, 1938. 

An analysis of twenty-one cases of arteriovenous and nine cases of cirsoid 
aneurysms is presented, which is supplemented by observations upon experimentally 
produced arteriovenous aneurysms in dogs. 

Sixteen of the arteriovenous aneurysms were operated upon and all of them, 
except one case of pulsating exophthalmos, were cured. In two instances the 
aneurysms healed spontaneously without operation. Four patients failed to return 
for later operations and could never be traced. All of the nine cirsoid aneurysms 
were operated upon; three were cured, and the other six were more or less im- 
proved. There were no deaths in the entire series of thirty cases. There was a 
total of thirty-nine operations upon the twenty-four patients who were subjected 
to surgical treatment. 

Clinical and experimental observations which may throw some light upon the 
physiologic and pathologic effects of arteriovenous fistulas are discussed in some 
detail. The principal effects noted and studied were: ten instances of cardiac 
damage; eleven instances of thinning and dilatation of the proximal artery; cir- 
culation time upon six patients; blood volume upon three patients; ten instances 
of Branham’s bradycardic phenomenon; thirteen instances of blood pressure altera- 
tions; studies upon the venous blood pressures of nine patients; nine instances of 
markedly increased collateral circulation; five instances of an increase in the size 
and length of an extremity; four instances of associated nerve paralyses; two 
instances of double arteriovenous fistulas; and two instances of spontaneous heal- 
ing of the aneurysm. 

In our limited clinical and experimental observations, we could not confirm Hol- 
man’s findings of a marked increase of the total circulating blood. 

A Venturi meter was used in some of the experiments to measure the flow of 
blood in a segment of the vena cava. An easy method of making an arteriovenous 
fistula which can be alternately closed and opened is illustrated. 

The time to operate, and the standard curative operative procedures, are dis- 
cussed. Two new operative procedures are illustrated and described in the case 
reports. 


Authors. 
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Heumans, C.: Some Aspects of Blood Pressure Regulation and Experimental 

Arterial Hypertension. Surgery 4: 487, 193S. 

Experimental investigations have demonstrated that the regulation of blood 
pressure is essentially and fundamentally an automatic, proprioceptive reflex mech- 
anism. In fact, the endovascular pressure itself regulates automatically the car- 
diac output, the circulating blood volume, and the peripheral vascular resistance so 
well that the arterial pressure is maintained within or quickly restored to normal 
limits. This homeostasis of the arterial pressure is effected mainly by the inter- 
mediation of the pressoreceptor innervation of different arterial and venous vas- 
cular areas. 

The author’s experiments suggest that the arterial hypertension induced by renal 
ischemia may be due to a humoral factor which increases the excitability of the 
peripheral blood vessels to constrictor stimulations, mainly to the neurogenic vaso- 
constrictor influences, the same humoral factor inducing, on the other hand, a 
direct peripheral vasoconstriction and a disturbance in the physiologic mechanisms 
of the pressoreceptive reflex regulation of blood pressure. The sympathectomy up 
to the total removal of both ganglionic chains neither prevents nor cures this ex- 
perimental nephrogenic hypertension. 

Author. 

Craig, W. McK.: Essential Hypertension: The Selection of Cases and Results 

Obtained by Subdiaphragmatic Extensive Sympathectomy. Surgery 4: 502, 

1938. 

The surgical treatment of hypertension, which consists of subdiaphragmatic resec- 
tion of the major, minor, and lesser splanchnic nerves, celiac ganglion, and lumbar 
sympathetic ganglions, is associated with a small risk and is followed by satisfac- 
tory alleviation of symptoms in selected cases. 

Assuming that all hypertension can be divided into four groups, depending upon 
the severity, Group 1 does not require surgical treatment and Group 4 is too severe 
and too far advanced to warrant the expectation of adequate results. Groups 2 
and 3 then should be considered for operative treatment. More important than 
the group are the preoperative tests which indicate the potential physiologic changes 
that will follow sympathetic denervation of the vascular area below the diaphragm. 

The so-called test indicates the upper limits of the blood pressure resulting from 
emotion or cold. The four other tests indicate the lower limits of the blood pres- 
sure readings associated with prolonged vasodilatation, and, therefore, denote the 
probable values for the blood pressure following extensive sympathectomy. They 
are as follows: (1) Twenty-four consecutive hourly determinations of the blood 
pressure are made while the patient is in bed, to establish the maximal blood pres- 
sure, the minimal blood pressure, and the mean or average blood pressure. (2) 
Slow and intermittent intravenous injection of a 5 per cent solution of pentothal 
sodium is made until there is no further drop in blood pressure. (3) One-half 
grain (0.032 gm.) of sodium nitrite is administered at intervals of thirty minutes 
until six doses have been given. (4) Hourly determinations of blood pressure are 
made during rest and sleep for a minimum of twenty-four hours. 

If the blood pressure drops to nearly normal and if the patient is less than 50 
years of age, the operation should be considered. 

The results in a large series of cases have been quite satisfactory. The effect 
of the operation is physiologic in character, and, if so considered, the results justify 
the procedure. 


Author. 
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THE SOUNDS PRODUCED BY THE FRICTION OF 
NORMAL SEROSAE* 

Teofilo Ortiz, M.D. 

Mexico City, F. D. 

F OR a century, since the pioneer contribution of Laennec, 1 ausculta- 
tion has been studied assiduously by physicists, physiologists, and 
clinicians, yet there are many acoustic phenomena whose significance has 
not been determined. The cardiac sounds and the adventitious cardio- 
vascular sounds are not yet fully understood and offer, therefore, obvious 
difficulties in diagnosis. 

Empirically, we have succeeded in identifying the clinical significance 
of many acoustic phenomena, but daily practice demonstrates the in- 
sufficient pathogenic value accorded to other phenomena not less frequent 
or important. Mackenzie 2 stated correctly, “How little we know of the 
causation of murmurs,” and AYIggers, when dealing with the cardiac 
sounds, explains the mechanism of the first one merely in terms of proba- 
bility. The clinical investigators have avoided academic discussions and 
attempted to establish the value of the acoustic data on the basis of the 
pathologic findings; but it is frequently impossible to obtain pathologic 
control, and the necropsy findings often contradict the clinical data. 
The complexities of the problem are shown by the numberless hypotheses 
accumulated by clinicians during a hundred years of auscultation; on 
the other hand, the contemporary literature bears testimony to the hope 
of finding a definite reason for the disparity between the physical 
phenomena and the functional evolution. Pathologic physiology may 
bring certainty to prognosis and therapeutics. 

A glance at the appendix of AYliite’s book, Heart Disease, which 
includes representative examples of “the more important or puzzling 
problems in cardiovascular diagnosis,” justifies any contribution to the 
subject. 

‘From the General Hospital, Mexico City, F. D. 

Received for publication Sept. 3, 1938. 
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The present study deals with the acoustic phenomena which occur 
when there is friction of two serosae in the pericardium, pleura, or peri- 
toneum. The source of these sounds is really in the membranes or struc- 
tures covered by endothelium when intcrscrous friction occurs. The pur- 
pose of this study was not, only to review the classical auscultatory find- 
ings in cases of nonglistening, diseased, or inflamed serosae, but also to 
investigate the possibility of the appearance of sounds in normal serosae 
lubricated by the physiologic transudates. 

Semeiologieal investigations of this problem have been made frequently 
since Laennec. The opinions derived therefrom are practically unan- 
imous: both the older and contemporary clinicians agree that intact 
serosae are aphonic, or silent. Laennec himself, however, and several 
other observers have expressed suspicions that this proposition may have 


limitations. 3 ’ 4 ’ r> ' fi ’ T> n ’ in ’ 1,1 12 * 13 


Some authors have favored the view 


that minimal lesions of the endothelium or insignificant alterations in 
their lubrication might be responsible for some of the acoustic phenomena 
present in apparently healthy individuals. Nevertheless, they did not 
conclude that perfectly normal serosae, with a physiologic lubrication, 
can yield acoustic phenomena useful in clinical work. Indeed, such a 
conclusion cannot be legitimately derived from their experiments or 
observations because of the lack of adequate controls. 

This problem, apparently only speculative in nature, is in reality 
intimately bound up with the validity of auscultatory data. It may be 
approached experimentally, and hence supply conclusions of interest 
especially for cardiologic pathology and scmciology. 


methods 

Normal, healthy eats, rabbits, and dogs were used. This material eliminates, 
therefore, possible objections as regards the integrity of the serosae. The animals 
were killed by excessive anesthesia, by hemorrhage, or by asphyxia. Several 
fragments of the thoracic and abdominal walls and also several viscera (heart, 
liver, spleen, intestine) were collected. 

The lubricating fluids were water, normal saline, Finger's solution, oxalated or 
saturated blood, blood plasma or blood serum, and saliva, all from the same animal. 
The normal transudates from the serosae might also be employed; it is difficult, 
however, to collect them. The inevitable evaporation which occurs renders the 
serosae stick}-; it was therefore invariably necessary to employ the other lubri- 
cating agents mentioned. Furthermore, the handling of the pieces during their 
preparation might leave microscopic foreign bodies on the endothelium. For this 
reason, all the structures employed were always washed first with some of the 
fluids mentioned. 

Binaural stethoscopes and plionendoscopes were used, of the type commonly 
employed in clinical work. The receptors were of several forms: bells, cones, 
diaphragms, small funnels, or glass cylinders. 

Some observations were made by applying a crystal microphone to the frag- 
ment of thoracic or abdominal wall, and leading the electrical waves thus pro- 
duced through an amplifier into a catliode-ray oscillograph and a loud-speaker. 
The sounds could then be seen on the face of the cathode-ray oscillograph .tube 
or heard from the loud-speaker by several observers. Since the electrical records 
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of complex auditory phenomena do not furnish any information as to the acoustic 
characteristics of the sounds, and since measurement of the intensity of the sounds 
recorded is an elaborate process and can only be performed in an indirect manner, 
no graphic records are presented of the observations made in this way. Such ob- 
servations, however, fully confirmed those obtained directly. 

The sounds heard under the conditions to be reported were frequently listened 
to bj' independent observers. No discrepancies of opinion occurred. 

Many different preparations maj' be made with the thoracic or abdominal walls. 
A few of the most commonly used will be mentioned. 

1. Removal of the thoracic skin; opening of the thoracic cavity in the midline; 
separation of the mediastinum to one side or total extirpation of it; wide opening 
of the thoracic cavity by means of hooks or clamps attached to the animal board ; 
application of the receptor of the stethoscope on the outside surface of one 
hemithorax, fixing it bj r means of an adequate clamp; cleaning of the parietal 
pleura with normal saline to remove the blood, hairs, etc., which may have been 
deposited during the previous maneuvers and might not be recognized macro- 
scopieally; friction of the pleura with the isolated heart, spleen, or one of the 
small lobes of the liver at the region underlying the receptor. These organs 
were extracted and preserved with all the precautions necessary to avoid damage 
to their endothelial lining and to eliminate foreign bodies. 

2. Removal of the thoracic skin; section of the ribs on both sides of the spinal 
column, thus obtaining a fragment which comprises the costal and sternal regions 
(the section at the neck and abdomen need not be described); fixation of the 
sternocostal fragment over a stethoscopic receiver by means of clamps and stands. 

When producing friction in this preparation, the midline should be avoided 
because of the remnants of the retrosternal section of the mediastinum (mesoperi- 
cardiac ligament, Ranviern). Two types of experiment may be performed with 
this preparation: (1) A receiver is placed on one of the liemithoraces distal from 
the sternum. Friction is exerted on the inside over the ribs and intercostal 
spaces. (2) The receiver is fixed similarly. The fragment is then bent, using 
the chondrosternal joint on the same side as a hinge, so that these joints become 
prominent. Then a firm organ is rubbed against these joints. A bent hepatic 
lobe or fragment of left ventricular wall may be used. The possibility of bleeding 
or oozing should be kept in mind, and, if necessary, the preparation should be 
washed with normal saline. Here again, the attachment of the mediastinum 
should be avoided. 

3. Removal of the thoracic skin; separation of a hemithorax by section of the 
ribs at the spinal column and near the sternum; holding this 'fanlike fragment 
with two large clamps placed in a direction parallel to the ribs at the ends; 
fixation of the preparation on stands so that by tension exerted on the handles 
of the clamps by means of rubber bands it is possible to distend the intercostal 
spaces at will. The placing of the stethoscope and the friction are performed 
as in the previous cases. 

4. Removal of the abdominal skin; extirpation of the abdominal wall by cutting 
along the pelvic, thoracic, and vertebral insertions. This rhomboidal fragment 
can be utilized as a whole or in part. On one side it is fixed firmly by means 
of a large clamp, and to the other side a clip is attached on which variable weights 
maj' be applied. The receiver is placed underneath the tense horizontal mem- 
brane. The peritoneum is rubbed as in the previous examples, or else by means 
of any solid body covered with another abdominal fragment. 

5. A piece of abdominal wall is tied to the base of a glass cylinder 5 cm. in 
diameter. Variable pressures may be exerted by means of a manometer. The 
receiver of the stethoscope is similarly covered by abdominal wall with its 
peritoneum. When the friction is made, it will occur only on a very small' area, 
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because of the convexity of the tissues on the glass cylinder. The small size of 
the area of contact is further controlled by looking at the preparation tangentially 
against a light. Movements of the receiver can be made by hand or by means of 
silent movable stands. 

These five preparations may be combined in countless ways. The abdominal 
viscera, especially, may be used in a wide variety of ways. 

The physiologic state of the serosae and lubricating fluids can be readily 
changed so as to reproduce the clinical phenomena. The effect of drying, roughen- 
ing, and interposition of clots of blood or lycopodium powder can be studied under 
fully controlled conditions. 

In another series of observations the two following preparations were used: 

6. Opening of the left ventricle of a large dog; fixation of the receiver in dif- 
ferent parts of the surface of the ventricle; friction between the endocardium 
and different test objects (chordae tendineae, cusps, etc.) in several places. 

7. Removal of the heart of a large dog after previous ligature of the vessels; 
further distention of the right auricle and ventricle by injection of water through one 
of the cavae; application of the stethoscope to the apex; and friction at dif- 
ferent points, mainly at the posterior wall of the right auricle. 

RESULTS 

It appears unnecessary to report in detail the observations made under 
the several experimental conditions described. The following general 
statements summarize the results with all the preparations tested. 

1. In all the normal serosae, noises and sounds will he caused by 
sliding when they are really in contact. If the lubricating fluids prevent 
their contact, no sound may be heard. 

2. The tension of the subendothclial membranes and the hardness of 
the organs covered by the serosae are the two factors indispensable for 
the force of attrition to make the contact possible. 

3. Normal serosae adequately lubricated (by normal saline, Ringer’s 
solution, oxalated blood, blood plasma, blood serum) yield noises and 
sounds which depend on the elasticity of the structures covered by the 
serosae. 

4. These elastic vibrations appear as noises of countless qualities and 
sounds of diverse loudnesses, pitches, and qualities. 

5. All kinds of murmurs may be reproduced by the friction of struc- 
tures covered with normal endothelium : soft, blowing, scraping, squeak- 
ing, musical, etc. All the intermediate varieties of dry murmur and 
typical friction rub can also be obtained. 

6. All kinds of murmurs and friction rubs may also be obtained by 
the attrition of structures in which the endothelial lining- is abnormal 
or absent. 

7. The typical friction rubs are produced more readily by separating 
the structures in contact than by sliding. 

8. Friction rubs may be reproduced by interposition of foreign bodies 
between normal serosae, e.g., clots of blood, lycopodium powder, etc. 

9. All the noises mentioned may be transmitted for long distances. 
Friction at the posterior wall of the right auricle is clearly heard at the 
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apex (observation 7) even when the movement of the surfaces in con- 
tact is only a few millimeters. 

10. A typical friction rub may be transmitted with the acoustic char- 
acteristics of a blowing murmur. 

11. Acoustic manifestations are greater when the friction is exerted 
along an axis perpendicular to the direction of the muscular, tendinous, 
and elastic fibers or of the subendothelial irregularities, other conditions 
being equal. 

No acoustic or tactile vibrations are produced by the sliding of struc- 
tures covered with endothelium when the sliding is indirect, i.e., when 
the surfaces are separated by a lubricating fluid and the pressure is 
slight. 

DISCUSSION 

Before analyzing the practical importance of the data reported, it is 
pertinent to review briefly some of the physical principles related to the 
subject. 

As is well known, acoustics is a chapter in the theoi’y of elasticity (see 
any standard textbook of physics). 

Four types of solid bodies are specially considered in acoustics: 
strings, rods, membranes, and plates. Sound is the result of rapid oscilla- 
tions of elastic bodies. These vibrations are produced by plucking, per- 
cussion, or friction. 

Transversal vibrations of strings are produced by friction, as in the 
violin; by striking, as in the piano; by plucking, as in the harp. The 
characteristics of these vibrations depend on the length, the thickness, 
the tension, and the density of the string. Longitudinal vibrations yield 
higher-pitched sounds than those produced by transversal vibrations. 
The tension of the string has no influence on the frequency of the longi- 
tudinal vibrations. 

Vibrations of membranes are produced by the same factors which in- 
fluence strings. The sound obtained is higher-pitched when the area 
decreases or the tension increases, under equal conditions of thickness 
and density. In uniform plane membranes with constant density, the 
frequencies of the fundamental tones vary with the shape, even though 
the area remains unchanged. 

Friction is caused by the minute irregularities of the surfaces of solid 
bodies. These irregularities are always present, even on the smoothest 
surface. The possibility of obtaining friction implies a ' certain com- 
pressibility of the solids employed. Whether the surface asperities will 
be crushed, broken, or elastically deformed during friction depends on 
the nature of the bodies concerned. “The force of friction” is the 
force tangential to the contact surfaces which opposes the relative move- 
ment of the solids studied. Surfaces of the same nature offer a greater 
resistance to friction than those of different nature, because the size and 
pattern of their irregularities are similar and a better fit is therefore 
obtained. 
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■ Static friction, or friction of adherence, is that which occurs between 
adjacent quiet bodies. Kinetic friction is that which occurs during move- 
ment. Indirect friction is that which appears between lubricated bodies. 
The variable resistance to movement, or coefficient of friction, is not a 
constant quantity, but a value which depends on several factors. ' The 
laws of Coulomb, Hirn, and Petroff may be summarized as follows as 
regards their applicability to the present problem : 

(1) The coefficient of friction is proportional to pressure; (2) it 
depends on the nature of the bodies and the stale of their surfaces; (3) 
it is independent of the area of the surfaces of contact, other conditions 
being equal; (4) when a movement is started it is independent of the 
speed; (5) when the compressible bodies have been in contact for some 
time, the coefficient is greater when the movement, is started than during 
the movement (this difference is negligible for hard bodies) ; (6) the 
coefficient is inversely proportional to the depth of the coat of lubricating 
fluids in indirect frictions. 

It may finally be mentioned that the elastic vibrations originated by 
sliding or friction may be appreciated acoustically or by touch. 

The experimental data reported in the present study may be divided 
into two categories: (1) Noises produced by direct friction of normal 
serosae; (2) noises originated by direct friction of abnormal serosae. 
There is no fundamental difference between normal and abnormal 
serosae from the standpoint of the acoustic phenomena engendered by 
friction. The sounds obtained in either case are indistinguishable. They 
appear in identical conditions. The only factors of importance in the 
production of the elastic vibrations which originate the acoustic phe- 
nomena are the efficient tension or hardness of the underlying structures 
and the variable force of friction which brings their elasticity into 
action. 

It is important to emphasize that the sounds observed, even those 
which occur when the bodies in contact are separated, do not occur in the 
endothelium but in the subendothelial structures. The efficient cause 
is the physical property of these structures; the determining cause is the 
force of friction; and the adjuvant causes are the qualities of the endo- 
thelial lining and of the interposed fluid or solid substances. Since the 
efficient cause is always the same, the uniformity of the acoustic phe- 
nomena is readily understood. The multiplicity and mutability of these 
acoustic manifestations are a consequence of the variations in the sub- 
endothelial elasticity and of the indefinite number of combinations be- 
tween the determining and adjuvant factors. The transmission of these 
phenomena is but a special aspect of the general subject of propagation 
of sound and need not be considered here. 

Is it possible that normal individuals generate noises due to the 
physiologic sliding of serosae? 
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This possibility cannot be denied a priori, because, physiologically, 
pressures exist which are capable of engendering direct frictions.* In the 
experimental study quite intense sounds appeared when the pressure 
between the normal membranes was no greater than 2 cm. of mercury. 
It may therefore be concluded that the pressures which exist in some of 
the mediastinal organs are sufficient to produce direct friction between 
structures which anatomically and functionally fulfill the experimental 
conditions. 

Do such acoustic phenomena, similar to the. sounds produced experi- 
mentally, actually occur in the normal individual? If they do, can they 
be explained by the friction of serosae? It is well known that such 
acoustic phenomena are audible in healthy individuals. These physio- 
logic sounds vary considerably. Although some of them cannot be de- 
scribed precisely, they may be classified into two general groups : 
murmurs and friction rubs. Functional (physiologic), transitory, and 
inorganic murmurs over the precordial region are very frequent. The 
physiologists and clinicians are familiar with them. Proteiform noises 
which do not have the characteristics of murmurs are not so well 
known. 5 ’ 8< 15 ’ 16 

Other similar observations cannot properly be judged as applicable to 
normal individuals. 4 ’ 7 ’ 9 ’ n > 12 ’ 17 * 80 

The next question to be answered is whether these physiologic sounds 
and those which appear in normal endothelia, in subjects who are not 
otherwise normal, can be accounted for by the observations reported 
here. It is generally admitted that these acoustic phenomena are due to 
the elastic vibrations of structures in the mediastinum. Since direct 
friction is a known cause of vibration, it is reasonable to attribute them 
to interserous friction when the conditions pointed out are fulfilled. 

It may be stressed again that the friction of normal endothelium pro- 
duces experimentally all the acoustic manifestations mentioned and that 
the sliding of abnormal endothelium of serosae likewise sets up audible 
vibrations. The conditions in which both these sets of acoustic 
phenomena can be reproduced throw light upon two very important 
problems of cardiology and physical diagnosis of the thorax: (a) contra- 
dictions between the clinical picture and the post-mortem findings; (b) 
contradictions between the physical signs and the functional disturb- 
ances. These surprising and numerous contradictions clearly denote 
the inability of the classical theories to cope with all the problems of 
auscultation. The data presented complement, these classical theories and 
account for these hitherto puzzling problems. The form, location, and 
size of the organs, and also the tension and friction forces which occur 
at the heart, the pericardium, and the pleurae in the normal subject and 
in cases of thoracic disease afford a logical basis for fruitful analysis 

•Direct friction occurs when there is a lubricating fluid, if the force applied is 
sufficient to displace it. 
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of all the obscure problems of auscultatory semeiology. The fact that 
not all normal hearts present murmurs and friction rubs does not in- 
validate the preceding conclusions. In the first place, the conditions 
for the appearance of these sounds are several; if one of them should be 
lacking, the sounds would not occur. Furthermore, the heart sounds 
will interfere in circumstances so obvious that it is not necessary to 
mention them ; they may mask, change, or re-enforce the acoustic mani- 
festations due to friction. A similar argument applies to the cases in 
which obvious lesions in the serosae of the heart and surrounding struc- 
tures do not lead to the appearance of the expected rubbing sounds. 

A few clinical instances selected at random will now be analyzed in 
the light of the present study, for illustrative purposes. 

1. Pericardial Processes (pericarditis, infarcts, “ milk spots”). — The 
murmurs of evident pericarditis, with no demonstrable manifestations 
in the cardiac muscle or valvular systems, their topographical and 
chronological instability, their changes into friction rubs, can all be 
explained on the basis of the murmurs of serous origin. This statement 
does not imply a negation of the possibility of adventitious noises ap- 
pearing according to the classical theory of fluid eddy currents, when it 
is possible to prove clinically that the necessary conditions are present. 
The statement of Soulier, 13 although contradicted by Potain, is correct, 
that murmurs may appear in pericarditis when the endothelium is 
altered, and that murmurs may also appear when this alteration is not 
of inflammatory origin. The murmurs which precede the rubs caused 
by myocardial infarction and those which persist 51 during its evolution, 
with the characteristics described by Castex, 52 can also be due to the 
serous frictions. A post-mortem examination of pieces of infarct and 
repetition of the experiments 6 and 7, described previously, will neces- 
sarily suggest that some of the pericardial soiinds are similar to those 
reproduced in the laboratory. The thesis that “milk spots” 0 ’ 53 are a 
source of adventitious sounds, although the surface is smooth, is sup- 
ported by the present evidence. It is likely that other equally slight 
pericardial alterations will produce similar effects. 51 ' 07 

2. The Endocardial Processes ( without demonstrable valve lesions 
or anomalies in the capacity of the cavities). — The region of the heart 
where most intense friction may occur is obviously the left ventricle, and 
roughening of the lining is frequent in this region. The possibility that 
sounds may be set up by frictions in this cavity cannot be denied even 
when the pathologic changes are minimal. 0 ’ 0S ' 80 Especially during the 
silence of diastole, the clinician may interpret many adventitious sounds 
as due to serous frictions. The structure of the mitral valve, its fine- 
ness, 81 its tension during systole, the localization and histologic situation 
of the tiny vegetations in some varieties and periods of endocarditis sug- 
gest the possibility that certain merosystolic and liolosystolie murmurs 
may be due to vibrations from serous frictions, similar to those produced 
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by liquid currents. If it is accepted that murmurs of liquid-current 
origin are produced by transversal vibrations, 53 ’ 69 ’ 82> 83 then the conclu- 
sion cannot be avoided that such vibrations may be set up by friction 
(the vibrating structures are practically a conglomerate of tense strings), 
regardless of what physiologic theory is adopted to explain the closure 
of the orifice. What was stated previously for accidental and inorganic 
murmurs may apply to the present phenomena. Why should the 
clinician insist on limiting his hypothesis to the theory of eddy currents 
in the cases in which the roentgenograms demonstrate a normal heart and 
there are no signs of any hydraulic disturbance ? 

3. The Extracardiac Processes . — The methodical critique which 
Tripier and Devic 16 have made of the theory suggested by Laennee 1 and 
later developed by Potain, 84 on the role of the lung borders overlapping 
the heart, has not been adequately answered. The data summarized 
by Fahr 85 also cast doubt on Laennee ’s theory. The interpretation 
adopted here for murmurs of serous origin may extend to all acoustic 
phenomena in the mediastinum when the lesions which the classical 
theories require cannot be demonstrated satisfactorily. 86 ' 112 

SUMMARY 

The acoustic phenomena produced by friction of organs covered by 
normal and abnormal serosae, lubricated by normal and abnormal fluids, 
were studied in rabbits, cats, and dogs. 

Direct friction of structures covered by normal endothelium, lubricated 
by normal, physiologic fluids, is a source of murmurs and friction rubs. 

Direct friction of structures covered by abnormal serosae is also a 
source of murmurs and friction rubs. 

The importance of these data for the correlation of clinical, pathologic, 
and post-mortem findings is discussed. 
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ELECTROCARDIOGRAPHIC RESPONSE TO GRADUALLY 
INDUCED OXYGEN DEFICIENCY 

I. Response of Normal Hearts in Various Age Groups 

S. H. May, M.D. 

New York, N. Y. 

I T HAS been known for a long time that induced oxygen deficiency 
produces striking changes in the electrocardiogram of the human 
heart. In order to determine the significance of these changes, the de- 
gree of correlation between progressive deficiency of oxygen and varia- 
tion in the electrocardiogram in people with normal hearts in various 
age groups, and in persons with diseased hearts, as well, has been 
studied. Whereas this publication is concerned mainly with the reac- 
tion of normal hearts, subsequent publications will deal with various 
groups of patients with heart disease. 

REVIEW OF LITERATURE 

The first experiments with induced anoxemia were made by Greene 
and Gilbert, in 1919. 1 They studied and described the specific changes 
in the electrocardiographic curves in anoxemia produced by the re- 
breathing method. When Rothschild and Kissin, 2 who concluded from 
similar experiments that anoxemia is in part responsible for pain in 
angina pectoris, studied the electrocardiographic changes, they found 
them more frequently in patients with angina pectoris than in patients 
without coronary disease. 3 In their study, however, only two normal, 
healthy subjects were tested. Katz, Hamburger, and Seliutz 4 observed 
and described the effect of generalized anoxemia on the electrocardio- 
gram of normal subjects. They recorded changes similar to those pro- 
duced in people suffering from anginal pain. Levy, Barach, and Bruenn, 5 
using a special apparatus which kept the oxygen content of the inspired 
air constantly at 12 per cent, took electrocardiograms of persons with, 
and without, cardiac disease. In both groups the typical changes in the 
form of the electrocardiogram were observed also, but in those with 
normal hearts they were found to be of minor degree. 

Elaborate studies regarding breathing mechanism, blood pressure, 
degree of oxygen diminution in the expired air, 1 ' 5 as well as circulation 
time, venous pressure, and blood oxygen saturation 5 have been made 
during the stages of anoxemia. The final oxygen concentration in the 
expired air varied from 13.5 per cent to 6 per cent. Within this range, 
neither the onset of discomfort nor the degree of electrocardiographic 
change seemed to follow closely the decrease of oxygen in the expired 
air at the end of the test. In studying two normal subjects, Rothschild 
and Kissin found that one developed S-T changes when the oxygen con- 
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tent of the exhaled air at the end of the test was 8.1 per cent, and that 
the other did not show any change when it was 6.1 per cent. No strik- 
ing difference with respect to their ability to tolerate oxygen want was 
found among the young and older normal subjects and patients with 
heart disease. 

In none of the investigations was the age of the tested subjects given. 

METHODS 

For inducing gradually increasing anoxemia, a rebreathing method similar to that 
already used by Greene and Gilbert 1 was employed. The subject was connected to a 
Leitz basal metabolism machine (Fig. 1) filled with room -air. The carbon dioxide 
was removed in the usual way by soda lime. The rebreathing curve was recorded, 
as in measuring the basal metabolic rate, in order to study the respiratory mechanism 
during the progressive stages of anoxemia. Before, during, and at approximately 
three minutes after the test, electrocardiographic records were taken. Only the 
three standard leads were used because the direct lead did not seem to add any- 
thing of importance to the results. 



Fig. 1. — Method. 


Hie patient was placed on a comfortable couch, and was told that he might ex- 
pect some slight discomfort after several minutes of rebreatliing, and to raise his 
arm 'when the discomfort made him uneasy. He was carefully watched during the 
test for any signs of cyanosis or dyspnea. When the patient raised his arm, or if 
dyspnea or cyanosis became severe, the test was stopped. The duration of the test 
langed from seven to fourteen minutes and was approximately the same in both 
normal subjects and patients with heart disease. 
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Because the time necessary to record an electrocardiogram was from thirty to 
forty-five seconds, the time given in the legends coincides as nearly as possible with 
Lead II. Since the last tracing was taken as near the end of the period of anoxemia 
as possible, Lead III is sometimes disturbed by unrest or by removing the mouth 
piece and nose clamp. 

RESULTS 

Fifty individuals whose hearts were thought to be normal, as judged 
by means of physical, roentgenologic, and electrocardiographic examina- 
tions, were tested. When these individuals are arranged according to 
age, there are found to be ten in the group between fifteen and twenty 
years, ten in each of the decades from twenty to fifty, and ten between 
the ages of fifty and seventy. Descriptions of the several age groups, 
together with illustrative examples in each, follow. 



h 2.— F. t. Age, IS. Normal heart. Very athletic. Test: 7 min. Discontinued 

foiiti Se 0f shortness of breath. First record, standard 3 leads. Second, third, and 
ourui records, 2, 4, and 6 Vi minutes after beginning to rebreathe. Last record, after 
“ minutes of breathing room air. 

1. (15 to 20 years.) In this group, four tests showed complete eradi- 
cation of the T wave (Figs. 2 and 3) in Lead II; four, reduction of the 
T wave to considerably less than half its original height; and two, a 
smaller reduction. The subjects whose T waves were eradicated are 
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very active young - people who are athletic and accustomed to competitive 
sports. The two subjects who showed the most moderate diminution oi. 
To are asthenic in type and are unaccustomed to bodily exercise. 

2. (20 to 30 years.) This group showed, in general, slightly less 
change in the electrocardiograms taken during the test than the previous 
one. There was only one record in which T 2 was abolished (Fig. 4), and 
there were three in which it was reduced to less than half its original 
height. The other six records show a very considerable reduction of 
the height of the T wave (Fig. 5). As before, there was an obvious 
correlation between the degree of change and the amount of bodily 
activity. 



Fig. 3^-— E. B. Age, 20. Normal heart. Played football and baseball until 2 years 
before. Test: 12% minutes. Discontinued because of marked cyanosis. First record, 
standard 3 leads. Second, third, fourth, and fifth records, 4, 7, 10%, and 12 min. 
after beginning to rebreathe. Last record, after 3 min. of breathing room air. 


3. (30 to 40 years.) One record of a 31-year-old man with very good 
exercise tolerance showed complete eradication of T 2 . In four records 
considerable change in the height of the T wave was seen; in three only 
moderate diminution was noted; and in two there was almost none. 





MAY: ELECTROCARDIOGRAMS IN OXYGEN DEFICIENCY 


659 



Fig. 4. — A. K. Age, 24. Normal heart. Used to be good long distance swimmer. 
Test: 8 min. Discontinued because of dyspnea and dizziness. First record, standard 
3 leads, second, third, and fourth records 3%, 5%, and 8 min. after beginning to 
rebreathe. Last record, after 3 min. of breathing room air. 



. 5. — S. M. Age, 25. Normal heart. Test: 11 min. Discontinued because of 

feeling of weakness and shortness of breath. First record, standard 3 leads. Second, 
Til™ 1 • and. fourth records, 3, 6, and 10 min. after beginning to rebreathe. Last record, 
aitei 3 min. or breathing- room air. 
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An example of the average diminution of the T wave m Lead II m 
this group is seen in Fig. 6, in which T decreases to approximately half 
its original height. Correlation between T-wave diminution and exercise 
tolerance was very distinct. One of the subjects, in whose records no 
change occurred, was of the asthenic type, and the other was a young 
woman who has suffered from purulent otitis media since childhood. 

4. (40 to 50 years.) Changes in the T wave became abruptly less 
pronounced in this group. Decrease of T 2 to less than half its oiiginal 
height was not encountered, and in three records there ivas no change 
at all. The average record showed a diminution of about one-fourth 
of the original height of the T wave (Fig. 7). 



Fig. 6. — E, J. Age, 35. Governess. Normal heart. Test: 14% min. Discontinued 
because of dyspnea and cyanosis. First record, standard 3 leads. Second, third, and 
fourth records, 3%. 7%. and 14 min. after beginning to rebreathe. Last record, after 
3 min. of breathing room air. 


5. (50 to 70 years.) A further waning of change was noted in the 
older age group. Only two records showed a diminution of as much as 
one-third the original height of the T wave. One of these records 
ivas obtained from a man who has had long military training, has lived 
in the tropics for ten years, and appears and acts like a much younger 
man (Fig. 8). The other man is an assiduous golfer. Five records 
showed very slight diminution, and three none at all. 

Table I summarizes the specific results of the tests in the age groups 
studied. Emphasis has been put upon changes in Lead II because they 
were more readily visible and measurable. Corresponding changes, 
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Pig'. 7. — E. L. Age, 44. Normal heart. Test: 13 min. Discontinued because of 
shortness of breath and slight dizziness. First record, standard 3 leads. Second, third, 
and fourth records, after 4, 7, and 12 min. after beginning to rebreathe. Last record, 
after 3 min. of breathing room air. 



Pig. 8. — M. R. Age, 63. Normal heart. Test : 12 min. Discontinued because of 
heat in the head and flushes. First record, standard 3 leads. Second, third and 
fourth records, 4, 7%, and 11 min. after beginning to rebreathe. Last record, after 
3 min. of breathing room air. 
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however, were found in all leads. The tendency to diminished response 
to oxygen deficiency, with advancing age, as measured roughly by 
changes in the height of the T wave, is very obvious (Fig. 9). Further- 
more, there appears to be a striking correlation between the amount of 
bodily activity and decrease in the height of the T wave. Complete 
eradication of the T wave (100 per cent change) occurred exclusively 
in persons tvho were extremely active or in athletes. 


Table II 


AGE IN YEARS 

% DECREASE 

IN HEIGHT OF T WAVE 

15 to 20 

75.3 

20 to 30 

03. 7 

30 to 40 

49.0 

40 to 50 

20.2 

50 to 70 

16.1 


This observation of the varying reaction in different age groups has, 
as far as the author is aware, not been made before. An indirect deduc- 
tion can be made by comparing the classical tests made by Greene and 
Gilbert, and those made by Katz, Hamburger, and Scliutz, in both cases 
on normal subjects. The former performed their experiments on mem- 
bers of the government aviation service, obviously younger people. The 
six curves published show almost complete eradication of T 2 near the. 
end of the test, whereas in the latter study, which probably dealt with 
persons of various ages, only four out of sixteen showed a radical change. 
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//////// //////// //////// ///////\ 
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//////////////z 


35-20 20-30 30-40 40-50 


50-70 


Fig. 9. — The average diminution of the height of T 2 , expressed in percentage, in the 

various age groups. 


In summary, the following observations, were made in fifty normal 
subjects. 

1. Gradually induced anoxemia produces an acceleration of the heart 
rate, the degree of which varies individually. 

2. Changes in the electrocardiogram coincide with the gradually 
decreasing oxygen intake, starting soon after the beginning of the 
experiment. 
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3. These changes are always of the same general nature; they consist 
of flattening, eradication, or, at times, inversion of the T wave, and 
occasionally depression of the S-T segment, and tend to occur in all 
three leads. 

4. The electrocardiogram usually returns to normal within three to 
five minutes after the induction of anoxemia is stopped. 

5. The effect of oxygen deficiency, as measured by diminution in the 
height of the T wave, lessens considerably with advancing age. 

6. There seems to be a striking correlation between exercise tolerance 
and the degree of diminution in the height of the T wave. 



Fig-. 10. — M. H. Age. 50. Electrolysist. 2% years before, first attack of precordial 
pain, lasting a few minutes. Free of symptoms for 1 year. Never stopped working. 
Walks 10 blocks and more. Test: 8% min. Discontinued because of heat in the head 
and dyspnea. First record, standard 3 leads. Second, third, and fourth records, 3, 5, 
and 8 min. after beginning to rebreathe. Last record, after 3 min. of breathing room 
air. 


OBSERVATIONS ON PATIENTS WITH HEART DISEASE 

The changes in the electrocardiogram following anoxemia induced in 
patients with heart disease are still under study, but a few observations 
might be included here. Of seven patients suffering from angina pec- 
toris, none developed anginal pain at any time during the experiment. 
Of twenty experiments on patients with various types of heart disease, 
less than half have shown changes during periods of anoxemia, and only 
half of these are changes of major degree. The disease in the cases 
last mentioned was symptomatically mild. Several minutes after the 
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test was stopped, the electrocardiogram had often not returned to the 
previous state. Some changes noted in patients with heart disease 
had characteristics which seemed somewhat different from those seen 
in normal subjects. Whereas in normal subjects the changes followed 
the same tendencies in all three leads, in patients with heart disease 
they were at times more manifest in one lead than in the others in the 
successive records of an experiment (Fig. 10). From the literature, 



Fig. 11. — H. B. Age, 65. Formerly a salesman. Walks an average of 5 miles 
a day without discomfort. Blood pressure: 140/78. Test: 10% min. Discontinued 
because of shortness of breath. First record, standard 3 leads. Second, third, and 
fourth records, 3, 7, and 10 minutes after beginning to rebreathe. Last record after 
3 min. of breathing room air. 

as well as from my own observations, the impression obtained was that 
in experiments on persons whose intraventricular conduction time was 
delayed originally the changes during the experiment were of a rela- 
tively high degree but the deviation from the characteristics observed 
in the records of normal subjects was more marked. 

One case, that of a 65-year-old man who had never complained of his 
heart, deserves comment (Fig. 11). The standard record showed a 
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slurred QRS complex, the duration of which was 0.11 second, exagger- 
ation of the amplitude, and marked left axis deviation, and the T waves 
in Leads I and III were in the same direction as the QRS complexes. 
Surprisingly enough, during the course of the experiment the T waves 
altered their directions so that they came to lie opposite to the main 
deflection. (The shifting of the axis during the test occurred in all 
groups studied, but not in combination with the reversal of the direction 
of the T waves, as in this ease.) This interesting observation suggests 
a possibility for the diagnosis of some types of intraventricular block 
in its early stages. 

DISCUSSION AND COMMENT 

The induction of gradually increasing anoxemia in all of the experi- 
ments performed, whether on normal subjects or patients with heart 
disease, was not accompanied or followed by any untoward effect. The 
symptoms of moderate discomfort which appeared near the end of the 
period of rebreathing disappeared instantly after the test was stopped. 
The complaints were mostly of shortness of breath, sensation of heat, and 
dizziness. Occasionally some aching in the arms and legs was described; 
some individuals complained of headache. None fainted or became un- 
conscious. The fact that not one of seven patients with angina pectoris 
developed chest pain, a result which is different from that of other 
investigators, might be attributed to earlier discontinuation of anox- 
emia. Moderate discomfort was the signal for discontinuation. In one 
instance the experiment was stopped by the operator because cyanosis 
became more marked. This subject did not complain of any discomfort 
in spite of complete eradication of his T wave. It would appear, then, 
that with proper care there is no risk for the patient. 

It may be added that experiments with vigorous breathing and ex- 
ercise did not reproduce the changes observed during a period of 
anoxemia. Analysis of the successive records made during rebreathing, 
including records before and after, seems to provide new and promising 
possibilities for obtaining some idea concerning- the intrinsic strength 
of the heart. I suggest that we call such a sequence of records the “an- 
oxygram, ” for purposes of abbreviation. 

Two interesting facts emerge. The degree of change in the T wave 
decreases strikingly as age advances. It is also obvious that in athletic 
individuals the changes appear to be greater. 

These observations seem to be contrary to the general notion of the 
significance of the T wave, since flattening of T waves is usually re- 
garded as evidence of myocardial impairment. The fact that the high- 
est degree of reduction in the height of the T wave during anoxemia 
occurs in young, athletic subjects suggests strongly that these great 
changes are associated with greater adaptability. Conversely, the lack 
or absence of change in older and enfeebled persons can be taken as 
indicative of their inability to compensate for lowered oxygen tension. 
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Of course, it might also be argued that the hearts of older persons, be- 
cause of their frequent exposure to anoxemia, fail to react to the stim- 
ulus of decrease in oxygen tension. It becomes clear, from this discus- 
sion, that the precise mechanism which leads to the changes in the T 
wave is imperfectly understood. Regardless of theoretical considera- 
tions, however, the practical evaluation of changes in the T wave dur- 
ing anoxemia and the effect of age and physical endurance on these 
changes are clear. 

The result of the experiments on persons with normal hearts provides 
evidence that the degree of T wave changes during periods of induced 
anoxemia may be useful as an appropriate measure of the functional 
capacity of the cardiac muscle. 


SUMMARY 

1. The effect on the electrocardiogram of anoxemia induced by re- 
breathing was studied. 

2. It was found that in persons with normal hearts anoxemia produced 
uniformly and progressively in all three leads a flattening of the T 
wave and occasionally a depression of the S-T segment. 

3. The degree of the T wave flattening was found to be very high 
in young subjects. It diminished greatly with advancing age. In the 
subjects between fifteen and twenty years of age, the average per- 
centage of the diminution of T 2 was 75.3 per cent; in those between 
twenty and thirty, 63.7 per cent; between thirty and forty, 49 per 
cent; between forty and fifty, 20.2 per cent; and between fifty and 
seventy years of age, 16.1 per cent. 

4. There was also a striking correlation between the amount of bodily 
activity and the degree of electrocardiographic change. Complete erad- 
ication of the T wave Avas seen only in very aettye or athletic young 
people. 

5. The results of these observations were discussed from theoretical 
and practical points of vieAV. Electrocardiograms made before, during, 
and after rebreathing would appear to be valuable in testing the func- 
tional capacity of the cardiac muscle. 
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THE SIGNIFICANCE OF RHEUMATIC ACTIVITY IN 
CHRONIC RHEUMATIC HEART DISEASE* 

Part II. A Method op Classification 

Irving R. Juster, M.D. 

Glens Falls, N. Y. 

O NE of the factors causing cardiac dysfunction in adults with 
rheumatic cardiac disease is the persistence of prolonged and 
progressive active infection, sometimes so mild as scarcely to be de- 
tectable, especially during symptomless periods. 1 Insufficient use of 
more specific means for ascertaining the degree of rheumatic activity 
has resulted in inadequate knowledge concerning the course of the 
disease, particularly in the chronic form encountered in rheumatic 
cardiac affection. 

Since the degree of rheumatic activity varies, even when of low 
grade, from discontinuous to continuous, 1 a classification was adopted 
for the purpose of ascertaining the degree. Leucocytosis was chosen 
as the criterion because it occurs both when the cardiac rhythm is 
normal and in the presence of auricular fibrillation, and because of 
the simplicity of the technique of counting leucocytes and a knowl- 
edge of the normal range of the leucocyte count. 1, 2 

Although the amount of leucocytosis is indicative of the severity 
of the infection in acute polyarthritis, s > 0 the continued presence of 
any leucocytosis is more significant of the chronic form. 1 

method op classification 

In patients in whom the deviations from a normal leucocyte count 
(below 9,000 cells) were 10 per cent, or less, the disease was consid- 
ered as being inactive ; the remainder were divided into three groups, 
depending on the amount of the deviation. In any case the degree 


Table I 

Classification of Rheumatic Activity 



PERCENTAGE OF TOTAL NUMBER OF LEUCO- 
CYTE COUNTS ABOVE 9,000 

Inactive 

0- 10 per cent 

First degree activity 

11- 40 per cent 

Second degree activity 

41- 70 per cent 

Third degree activity 

71-100 per cent 


Received for publication Nov. 7, 1938. 

•This is the third article on investigations undertaken at the New York Cardiac 
Shop, conducted under the auspices of the Committee on Cardiac Clinics of the New 
York Heart Association. This study was made possible by grants from the Hof- 
lieimer Foundation for three years, the New York Foundation for two years, and 
the Altman Foundation for one year. The remainder of the fund was subscribed 
hy the Board of Directors of the New Y'ork Cardiac Shop. This Board was created 
by the Board of Directors of Irvington House. 
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of abnormality depended on tlie percentage of abnormal to the total 
number of counts (Table I). For example, a patient exhibiting ab- 
normal leucocyte counts to the extent of 50 per cent of his total num- 
ber of counts would be classified as second degree, 80 per cent as third 


Table II 

Range of the Leucocyte Counts and Average Leucocyte Counts in Each Case 




FUNCTION- 





CASE NO. 

AGE 

AL 

CLASS. 

RHYTHM 

LOWEST 

HIGHEST 

AVERAGE 


Inactivity 


3. 

E.B. 

17 

IIA 

RSR* 

4,300 

wnc i ni 

7,200 

8. 

C. B. 

30 

IIB 

AFt 

4,600 

flBHB 1 H 

6,900 

16. 

B. G. 

16 

IIA 

RSR 

4,400 

KH ! Sjjjj p 

6,900 

18. 

F. G. 

17 

IIB 

RSR 

4,100 

Bn j! gjjygjj 


22. 

W. H. 

40 

IIA 

RSR 

5,200 

• S||H 

7,200 

28. 

I. L. 

21 

IIB 

RSR 

4,100 

||BR ! ftfjSH 

5,400 

38. 

E. P. 

17 

IIB 

RSR 

4,500 

IE * OH 

6,400 

41. 

J. P. 

24 

IIB 

RSR 

5,200 

iEE 

5,600 

53. 

M. So. 

24 

IIB 

AF 

6,000 


7,800 


Group Average 

22.9 years 

4,700 

9,300 

6,7Q0 


First Degree Activity 


2. 

T. A. 

15 

IIB 

RSR 

4,300 

12,200 

8,600 

4. 

B. Ba. 

17 

IIA 

AF 

7,500 

12,400 

9,400 

5. 

B. Bn. 

15 

IIA 

RSR 

5,100 

12,400 

S,500 

9. 

S. B. 

30 

IIB 

RSR 

3,200 

10,600 

7,800 

11. 

E. C. 

17 

IIB 

RSR 

4,400 

12,000 

7,800 

24. 

C. H. 

18 

IIB 

AF 

5,100 

10,S00 

7,800 

31. 

B.M. 

19 

IIB 

RSR 

4,S00 

13,600 

7,800 

33. 

M. My. 

21 

IIB 

RSR 

4,500 

15,000 

8,000 

43. 

S.R, 

23 

IIB 

RSR 

6,500 

12,400 

8,700 

44. 

R, R. 

36 

IIB 

AF 

5,200 

12,000 

7,900 

49. 

Ia. S. 

28 

IIB 

AF 

4,200 

11,800 

7,800 

52. 

H. S. 

16 

IIB 

RSR 

4,500 

15,600 

8,300 

55. 

G. S. 

23 

IIA 

RSR 

4,000 

16,500 

7,500 

56. 

I. Sh. 

27 

IIA 

RSR 

3,000 

14,500 

8,000 

57. 

M. Sk. 

44 

IIB 

AF 

3,800 

15,700 

7,300 

58. 

HI. S. 

17 

IIA 

AF 

3,600 

14,S00 

7,800 


Group Average 

22.9 years 

4,600 

13,000 

8,100 


Second Degree Activity 


7. 

S. B. 

17 

IIB 

RSR 


17,000 

10,100 

10. 

M. C. 

22 

IIA 

RSR 

SsRi! jgfjll 

11,700 

9,600 

12. 

J. D. 

18 

IIA 

AF 

Ube ! 

14,700 

10,100 

13. 

L. D. 

17 

I 

RSR 


11,800 

9,400 

15. 

N. F. 

21 

IIB 

RSR 

m t !||js 

17,200 

9,600 

19. 

D.G. 

18 

IIB 

RSR 

ISe « fill 

14,600 

9,400 

23. 

F. Hs. 

17 

IIB 

RSR 

IB l S IIP 

17,500 

9,100 

25. 

S. Ky. 

16 

IIB 

RSR 

mm RSIS 

17,100 

10,100 

32. 

E. My. 

22 

IIB 

RSR 

6,600 

16,700 

10,000 

37. 

A. O. 

16 

IIA 

RSR 

Hffi i ■ 

10,900 

9,300 

39. 

C. P. 

18 

IIB 

AF 

IgEfi jpal 

15,400 

9,200 

46. 

R. S. 

17 

IIB 

RSR 

jaRggnsI 

14,000 

8,900 

50. 

J. S. 

26 

IIB 

RSR 

!|Cn(g| 

15,400 

10,000 

51. 

Ie. S. 

20 

IIB 

AF 


14,400 

9,400 

54. 

D. S. 

17 

IIB 

RSR 

B5S 

’ 12,100 

7,600 


Group Average 

19 years 

5,400 

14,700 

9,500 


•Regular sinus rhythm. 
fAuricular fibrillation. 
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Table II — Cont’d 




FUNCTION- 





CASE NO. 

AGE 

AL 

CLASS. 

RHYTHM 

LOWEST 

HIGHEST j 

AVERAGE 


Third Degree Activity 


I. 

P. A. 

16 

IIB 

RSR 

7,900 

19,900 

13,100 

6. 

H.B. 

19 

HB 

RSR 


IS, 100 


14. 

J. E. 

31 

IIB 

RSR 


12,200 

13,200 

11,300 

17. 

H. G. 

17 

IIA 

RSR 

iStlB ! i S® 

11,700 

12,300 

20. 

A. G. 

25 

IIB 

AF 

inti iiift 

15,200 

21. 

F. Hr. 

20 

IIB 

RSR 

9,100 


9,900 

26. 

R. K. 

30 

IIB 

AF 

5,800 

12,400 

9,500 

27. 

S. Km. 

24 

IIA 

RSR 

7,700 

17,000 

12,600 

20. 

R.L. 

20 

IIB 

RSR 

5,600 


10,700 

30. 

E. L. 

17 

IIA 

RSR 

4,900 

22,100 

11,500 

34. 

E. Mz. 

25 

IIB 

RSR 

10,200 

16,200 

14,200 

35. 

M. Ma. 

17 

IIB 

RSR 

9,000 

14,700 

19,900 

11,300 

36. 

J. 0. 

16 

IIB 

AF 

6,200 

11,500 

40. 

M. P. 

19 

IIB 

RSR 

6,900 

13,000 

10,200 

42. 

P. P. 

17 

IIB 

RSR 

6,000 

11,800 

■BOMx 

10,200 

45. 

A. R. 

28 

IIB 

AF 

16,200 

13,700 

47. 

M. Sr. 

17 

IIB 

RSR 

9,100 

tilifcliliB! 

11,800 

48. 

E. S. 

17 

IIB 

RSR 

7,100 

13,700 

10,200 

59. 

E. Z. 

18 

TIB 

RSR 

7,100 

18,500 

11,400 


Group Average 

20 years 

7,900 

16,100 

11,500 


degree, and so on. Ity this means, the disease ivas classed as inactive 
in 9 eases, and as active in the first degree in 16, in the second degree 
in 15, and in the third degree in 19. 

The range and the average of the leucocyte counts in each case 
exhibited progressive increases from the stage of inactivity to the 
third degree (Table II, Fig. 1). On the average, patients exhibiting 
inactivity and activity of the first degree were somewhat older (3 to 
4 3 r ears) than those with activity of the second and third degree. 

In order to test the value of this method of classification, it was 
checked with other criteria of rheumatic activity. For this purpose 
the temperature and pulse rate (in patients with normal rhythm) 
were selected and the percentage that were abnormal was estimated 


Table III 

Comparison of Other Criteria of Rheumatic Activity With the Various Degrees 
of Activity Obtained by the Classification 



ABNORMAL 

LEUCOCYTE COUNTS 

ABNORMAL 

TEMPERATURE 

ABNORMAL PULSE 
RATES (RSR*) 

TRANSIENT ABNOR- 
MALITIES IN 

ELECTROCARDIOGRAMS 

ADDITIONAL NEW 
VALVE LESIONS 

w 

w 

c-* 

Q 

cs 

< 

o 

K 

E-t 

D 

o 

< 

U1 

1 

w 

p 

o 

5 

K 

§ 

Inactivity 

5.4% 

6.6% 

29.5% 

14.0% 

22.0% 

22.0% 

22.0% 

First degree activity 

24.4% 

7.7% 

26.2% 

60.0% 

0.0% 

25.0% 

41.0% 

Second degree activity 

56.6% 

9.5% 

40.6% 

67.0% 

26.4% 

13.3% 

33.0% 

Third degree activitj'- 

Sl.0% 

15.4% 

53.5% 

77.0% 

31.6% 

42.1% 

53.0% 


•Regular sinus rhythm. 
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Fig. 1. — Leucocyte curves of representative cases in each degree of activity. 
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(Table III). Transient cliau ges in the electrocardiograms, the de- 
velopment of new valvular lesions, the presence of acute carditis, and 
the percentage of deaths attributed to cardiac disease were also 
studied (Table III). The result suggests an increase in the severity 
of rheumatic activity parallel with the leucocyte count index. 


I 1 1 1 1 1 1 1 1 1 1 1 



W*. 2. — Seasonal variations of the degrees of activity. The numerals 0, 1, 2, 3. 
which interrupt the curves, serve to identify the classes and to make possible tracing: 
the course of the curves. 


APPLICATION OF CLASSIFICATION 

Whether or not a change in the degree of severity took place with 
changes in the season of the year has been studied. In Cases 3 and 8, 
in which the disease had been classified as inactive (Table IV), activity 
first appeared during the summer of 1931 (Case 3) and the spring of 
1930 (Case 8). In most cases of first degree activity cyclic periods of 
activity and quiescence occurred, whereas quiescence was only occa- 
sional in the second and third degree groups. It was interesting to 
observe the gradual shift of the degree of activity from season to season, 
increasing or decreasing by single stages, rarely abruptly by more. 
This phenomenon is important because it depicts the fact that rheu- 
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matic activity may develop or recede slowly in the absence of signs and 
symptoms. During the winter of 1932 four patients (Case 53, first 
degree; Cases 25 and 51, second degree; Case 36, third degree, Table 
IV) manifested activity of the third degree as exhibited by their leuco- 
cyte counts, but had a normal cardiac reserve (Functional Classifica- 
tion I). All of the patients with obvious evidence of acute carditis 
showed evidence of pre-existing rheumatic activity. 1 Although car- 
diac damage (acute carditis) was more apparent in patients with 
leucocyte counts of the third degree, it was equally serious but more 
insidious in its development in those with counts of lesser degrees. 
Viewed seasonally, diminished cardiac function was found sometimes 
to occur, therefore, with decreasing rheumatic activity. This was 
particularly noticeable in patients with long-continued auricular 
fibrillation. 



INACTIVITY FIRST, SECOND, THIRD DEGREE ACTIVITY 

Fig-. 3. — Seasonal variation of rheumatic activity based on abnormal leucocyte 
count percentages ; first, second, and third degrees combined and compared with 
inactivity. 

SEASONAL VARIATION OF DEGREE OF RHEUMATIC ACTIVITY 

The least activity, according to this classification (leucocytosis), 
occurred during the summer, but the peak did not always occur in 
the same season. In 1929 it was in the winter, in 1930 in the spring, 
and in 1931 in the winter (Figs. 2 and 3). These findings are in 
accord with those of other observers, though this study was based on 
leucocyte counts and theirs on clinical manifestations. - ' 5 ’ 4i G> 7 



Seasonal Relationship op Degree op Activity and Functional Classification 
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AF 1 j | I | I | | 1 IIB-III | IIB 

'Regular sinus rhythm. 
fAuricular fibrillation. 

JThe upper, Arabic, numerals designate the degree of activity. 

§The lower, Roman, numerals designate the functional classification and fluctuations when showing more than one figure. 




AF I | IIA-IIB | | IIA 1 IIA-IIB [ IIB-IIA j IIB-IIA | IIA-IIB 

See legend, Table IV, first section. 





























































Sec legend. Table IV, first section. 
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See legend. Table IV, first section. 
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SUMMARY 

1. A method of separating- patients with active rheumatic heart 
disease into classes of increasing- degrees of activity is described. It is 
based on the percentage of abnormal leucocyte counts in each ease. 
Patients placed in the inactive group comprise those whose counts 
were within the normal range. In nine cases the disease was classified 
as inactive, in sixteen as active in the first degree, in fifteen as active 
in the second degree, and in nineteen as active in the third degree. 

2. Beginning with the inactive group and proceeding through the 
groups of first, second, and third degree activity, there was progressive 
increase in the range and in the average leucocyte counts. 

3. The average age of the patients in the inactive and first degree 
groups was higher than that in the second and third. 

4. Using the criteria tested in this study, it was found that rheumatic 
activity was more intense in patients in the third degree group and 
least in those in the inactive group. 

5. The activity of the rheumatic process was least during the summer 
of each year. 

6. Fluctuation in the degree of activity, according to the classifica- 
tion, was very gradual, usually one degree at a time. Since most acute 
manifestations of rheumatic activity occurred in the higher degree 
groups, a pre-existing active phase of a lower degree was usually pres- 
ent. Evidence is adduced to show that there are symptomless periods 
in patients with third degree activity. 

CONCLUSION 

Using the leucocyte count as a basis of classification it has been 
found useful and instructive to divide cases of rheumatic activity into 
four groups: inactive, first, second, and third degrees, respectively. 
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RIGHT VENTRICULAR HYPERTROPHY AND CONGESTIVE 
FAILURE IN CHRONIC PULMONARY DISEASE 

Donald E. Griggs, M.D., Charles B. Coggin, M.D., and 

Newton Evans, M.D. 

Los Angeles, Calif. 

R IGHT ventricular failure is an important cause of death in chronic 
pulmonary disease. Chronic cor pulmonale (chronic pulmonary 
heart disease) is often considered such a rarity that the diagnosis is 
overlooked or made with great hesitancy in these eases. Chronic cor 
pulmonale is caused by hypertension in the pulmonary circulation which 
results from disease of the lungs or its blood vessels. It is characterized 
pathologically by hypertrophy of the right ventricle and, when the 
heart fails, by signs of systemic venous congestion. Congestive failure 
occurs late in the course of the disease. 

We have undertaken to ascertain the incidence of cor pulmonale in the 
more common chronic pulmonary diseases. Inasmuch as the clinical 
diagnosis of this condition is often unreliable, we base our conclusions 
on the study of autopsy material in which the pulmonary and cardiac 
lesions can be clearly recognized and evaluated. 

material 

We reviewed the protocols of all chronic pulmonary lesions listed in 
the cross index of the 18,000 autopsies done at the Los Angeles County 
Hospital during the past nineteen years. Cases in which the pulmonary 
lesions were described as minimal or localized, obviously incapable of 
affecting the pulmonary circulation, were excluded from our study. 

We found that many patients had more than one pulmonary disease 
and some had heart disease other than cor pulmonale. To evaluate 
the effect of each pulmonary disease upon the heart we divided the total 
number of eases of each pulmonary disease into the following groups: 
(1) Cases in which the patients had only the one pulmonary disease 
and had no cardiac lesion other than cor pulmonale, hereafter designated 
as cases “alone”; (2) cases in which the patients had additional pul- 
monary lesions but no cardiac disease other than cor pulmonale, desig- 
nated hereafter as “associated pulmonary” cases; (3) cases in which the 
patients had only the single pulmonary lesion but had cardiac disease 
other than cor pulmonale, including those with high blood pressure 
(150/100 or more), designated in this paper as “cardiac” cases (we 

From the Departments of Medicine and Pathology, College of Medical Evangelists 
and the Los Angeles County Hospital. 

Read before the Section on Practice of Medicine at the Annual Session of the 
American Medical Association, San Francisco, Calif., June 15, 193S. 
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have entirely excluded from our study the few eases of mitral disease and 
congenital heart disease which would primarily cause right ventricular 
hypertrophy) ; (4) cases in which the patients had both additional pul- 
monary lesions and had cardiac disease other than the chronic pulmonary 
heart disease, designated as "associated pulmonary and cardiac” cases 
(see Fig. 2). 

CRITERIA 

Estimation of right or left ventricular hypertrophy is most accurately 
accomplished by weighing each ventricle separately. 1 Since only cardiac 
weights and mural thicknesses had been recorded by the autopsy sur- 
geon, we were obliged to use the average thickness of the ventricular wall 
as the criterion of hypertrophy. Hearts in which the right and left 
ventricular walls measured less than 4 mm. and not more than 12 mm., 
respectively, in average thickness were considered normal. A right 
ventricular wall which averaged 5 mm., or a left ventricular wall which 
averaged over 15 mm. in thickness, was considered definitely hyper- 
trophied. The term "hypertrophy of both ventricles” was used to 
designate hearts in which both right and left ventricles were definitely 
hypertrophied, and also hearts in which the wall of the right ventricle 

CRITERIA FOR VENTRICULAR HYPERTROPHY 



9 10 11 12 13 14 15 16 17 18 19 


LEFT VENTRICLE 

Fie. 1. 

was 5 to 6 mm. and the left more than 12 mm. in thickness, or the wall 
of the right ventricle 6 to 7 mm. and that of the left more than 14 mm. 
Our criteria, therefore, restrict the term "right ventricular hyper- 
trophy” to those hearts which have a predominant right ventricular 
hypertrophy (Fig. 1, solid black area). Although Thompson and 
White 2 found that left ventricular strain was the greatest cause of right 
ventricular hypertrophy, the great majority of their examples of right 
ventricular hypertrophy would have been listed, by our criteria, -under 
"hypertrophy of both ventricles” (Fig. 1, heavy shaded area). We 
believe that the percentage of right ventricular hypertrophy in the group 
of cases "alone” (cases in which the patient had only one pulmonary 
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disease and no cardiac disease other than cor pulmonale) represents 
quite conservatively the incidence of cor pulmonale caused by the lesion 
under discussion. 

Our classification still leaves a small group of hearts with questionable 
hypertrophy of the right or left ventricle which we classed as “question- 
ably normal. ’ ’ In some autopsy records, the thickness of the right ven- 
tricle or, rarely, of the left ventricle, was not stated. If not mentioned, 
we have considered the ventricle as normal. This added an unavoidable 
error, but one which would minimize and not overemphasize the effect of 
the chronic pulmonary diseases studied as causes of cor pulmonale. 
Rarely the ventricles were not measured but described as “slightly,” 
“moderately, ” or “greatly hypertrophied. ’ ’ Fig. 1 will visualize the 
criteria used in this study. 

The term “definite congestive failure” was reserved for patients who 
showed marked chronic passive congestion of the liver, associated with 
either ascites or edema, or with a pathologist’s diagnosis of “congestive 
failure.” All cases in which the evidence was less convincing, but sug- 
gestive, were classed as ‘ ‘ questionable failure. ’ ’ 


TUBERCULOSIS 

Pcrc«nt»j« V*ntmn1» Hyp«rtjoplvy and Fa3t»« 


tuberculosis ASSOCIATED associated assoc pulm. 

' ALONE ■ 

|1470C«« 


100 % 

90% 

80% 

70% 

60% 

30% 

40% 

30% 

20 % 

10 % 
0%«?“ 


m 



total 

ll655Casc*J 


•gi 


LEGEND 

Hypertrophy 


UH - 


-m 

*-□ 


Failure 


Fie. 2 . 


RESULTS 

Chronic Bronchitis . — In 92 of 185 eases of chronic bronchitis the lungs 
showed no other pulmonary lesions. In this group we found no case of 
right ventricular hypertrophy or congestive failure which we felt was 
caused by the chronic bronchitis. We have, therefore, disregarded the 
incidental diagnosis of chronic bronchitis in the study of the other pul- 
monary diseases. 

Pulmonary Tuberculosis . — Among the 18,000 autopsies there were 
1,655 eases (9.1 per cent) of moderately or far-advanced pulmonary 
tuberculosis. 

In the total of 1,655 eases, approximately 86.8 per cent of the hearts 
showed no ventricular hypertrophy, while only 4.6 per cent showed 
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“right ventricular hypertrophy.” If, to this 4.6 per cent, are added 
the cases in which the right ventricle was slightly hypertrophied, but 
with a mural thickness of less than 5 nun., and the cases in which both 
ventricles were hypertrophied, the total incidence of right ventricular 
hypertrophy is still only 10.2 per cent. These figures differ greatly from 
those recently reported by Nemet and Rosenblatt, 3 who found exclusive 
hypertrophy of the right ventricle in 33.8 per cent of 71 cases of tubercu- 
losis. Including the cases with hypertrophy of both ventricles, the right 
ventricle was hypertrophied in 46.5 per cent of their total group. 

In 1,470 cases of tuberculosis “alone,” we found that 3.7 per cent of 
the hearts were the seat of pure right ventricular hypertrophy, while 
90.8 per cent showed no hypertrophy. We were unable to correlate the 
cardiac hypertrophy with specific types of tuberculosis, although, of 
course, it was generally found in advanced cases. In 41 cases with 
“associated pulmonary” lesions in which pneumoconiosis frequently 
occurred, the percentage of right ventricular hypertrophy increased to 
36.6 per cent, pointing conclusively to the fact that tuberculosis falls far 
below the average of other chronic pulmonary diseases, especially 
pneumoconiosis, as a cause of right ventricular hypertrophy (Fig. 2). 


NUMERICAL INCIDENCE 

RIGHT VENTRICULAR HYPERTROPHY 


LEGEND 



Fig-. 3. 


The tuberculosis group had the lowest percentage of right ventricular 
hypertrophy of all chronic pulmonary disease groups, except chronic 
bronchitis. Nevertheless, due to the high incidence of tuberculosis, right 
ventricular hypertrophy was seen more frequently at autopsy in patients 
with tuberculosis than with any other pulmonary disease (Fig. 3). 

Of the total of 1,655 patients with tuberculosis, there were 3.8 per 
cent with definite failure and 2.8 per cent with questionable failure, total- 
ing 6.6 per cent. Among the 1,470 patients with pulmonary tubercu- 
losis “alone,” 1.8 per cent had definite congestive failure and -1.8 per 
cent had questionable failure, totaling 3.6 per cent (Fig. 2). 
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Bronchiectasis . — Bronchiectasis of moderate or marked degree was 
found in 136 cases. Right ventricular hypertrophy occurred in 16.2 per 
cent of these patients. In the 68 patients with bronchiectasis “alone,” 
8.8 per cent showed pure right ventricular hypertrophy, while 82.4 per 
cent showed no hypertrophy of either ventricle. This was over twice 
the percentage of right ventricular hypertrophy found in patients with 
tuberculosis “alone.” As in tuberculosis, so in bronchiectasis, associa- 
tion with other pulmonaiy lesions increased the incidence of right 
ventricular hypertrophy to over 36 per cent (Pig. 4). 

In tlie entire group of patients with bronchiectasis, 16.2 per cent 
showed definite congestive failure and 7.4 per cent questionable failure. 
In the 68 patients with bronchiectasis “alone,” there were 4.4 per cent 
with definite congestive failure and 3 per cent with questionable failure, 
totaling 7.4 per cent. 

Emphysema . — There were 129 eases (0.7 per cent) of moderate or 
marked emphysema, and 30.2 per cent of these patients presented right 
ventricular hypertrophy. 


BRONCHIECTASIS • 

PtrccnUj* VtntrkuUr Hypertrophy and C ti>|»rti'rt FaHurc 



Fig. 4. 


Of 45 patients with emphysema “alone,” 28.9 per cent had right 
ventricular hypertrophy, which is nearly the same percentage as in the 
total group of emphysema eases. If eases in which both ventricles were 
hypertrophied are also included, the right ventricle was hypertrophied 
in 47 per cent of the patients in the total emphysema group, as com- 
pared with 40 per cent in those with emphysema “alone” (Fig. 5). 
These fi gures are in general agreement with the conclusions of Ivountz, 
Alexander, and Prinzmetal, 4 who separated and weighed the right and 
left ventricles of the hearts of 17 patients with marked emphysema. 
They concluded that the heart is affected in the majority of cases of 
emphysema. 

In the total group of patients with emphysema, 38.8 per cent showed 
definite congestive failure, and 20.1 per cent questionable failure, total- 
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ing 58.9 per cent. Of the 45 patients classed as having emphysema 
“alone,” definite congestive failure occurred in 22.3 per cent and ques- 
tionable failure in 15.6 per cent, totaling 37.9 per cent. 

Asthma , — We did not list the cases of asthma separately. We agree 
with Lamson, 5 and others, that asthma is a syndrome which may be 
associated with heart disease, or various pulmonary diseases, or may be 
due to allergy. Most of the patients with asthma due to allergy, in our 
series, also had emphysema. In our 45 eases of emphysema “alone,” 
over 50 per cent of the patients were known to have had asthmatic at- 
tacks. We also included in this group 6 patients with asthma whose 
lungs showed slight emphysema. These had approximately the same 
percentage of cardiac findings as in the rest of the cases of emphysema 
‘ ‘ alone. 1 ’ 

Pneumoconiosis . — In the 18,000 records reviewed, we found 97 cases 
(0.5 per cent) of pneumoconiosis. We included as pneumoconiosis 
cases of silicosis, anthracosis with moderate or marked fibrosis, and also 
fibrosis of unknown etiology, provided the silica content of the wet lung 
tissue was more than 2.5 mg. per cent. 00 Fibrosis in anthracosis is gen- 
erally considered to be due to accompanying silicosis. 7 


EMPHYSEMA • 

Percent*)* Ventricular Hypertrophy end Confetti** Failure 



Pig:. 5. 

In the total group of 97 patients with pneumoconiosis, right ven- 
tricular hypertrophy occurred in 43.3 per cent. If instances of hyper- 
trophy of both ventricles are included, the right ventricle was hyper- 
trophied in 58.8 per cent. Of the 24 patients with pneumoconiosis 
“alone,” 54.2 per cent showed right ventricular hypertrophy. If those 
with hypertrophy of both ventricles are included, 66.7 per cent showed 
right ventricular hypertrophy. This figure is higher than for the total 
group of pneumoconiosis. This is due possibly to earlier deaths of 
patients who had tuberculosis, or cardiac disease other than cor pul- 
monale (Fig. 6). 

•The microdeterminations were kindly done by Albert L. Chaney, Ph.D., chemist 
at the Los Angeles County Hospital. 
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Definite congestive failure was present in 51.6 per cent of the total 
group of 97 patients, and questionable failure in 11.4 per cent, making 
a total of 63 per cent. Of the 24 patients with pneumoconiosis “alone,” 
50 per cent showed definite congestive failure and 16.7 per cent question- 
able failure, totaling 66.7 per cent. 

Though Dyson, 8 Jaffe, 8 and others 10 ’ 11 have discussed the cardiac 
changes in pneumoconiosis, the importance of this complication is not 
generally appreciated. In our series, contrary to the usual impression, 
the number of patients who died with congestive failure was even greater 
than the number of those who had an associated tuberculosis. It has 
been thought 7 that patients with anthraeosilicosis are less susceptible to 
tuberculosis than patients with pui’e silicosis. The presence of anthraco- 
silicosis in some of the patients may explain the lower incidence of 
tuberculosis in our group. Sweany, Porsche, and Douglass 7 state that 
these cardiac changes occur in advanced cases. In another study, 12 we 
were able to confirm this opinion. We believe that congestive failure, 
when due to cor pulmonale, is usually a terminal event. 
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Fig. G. 


Nonspecific Pulmonary Fibrosis . — In 14 cases the fibrosis apparently 
was not due to tuberculosis or pneumoconiosis. Some were listed as 
“interstitial pneumonitis, etiology undetermined.” Some, from the de- 
scription in the record, might have been pneumoconiosis, but we were 
unable to verify this impression. These 14 patients showed approxi- 
mately the same cardiac findings as did those with pneumoconiosis; 64 
per cent had right ventricular hypertrophy, and 42 per cent developed 
definite congestive failure. 

Spinal Deformities . — Only 5 cases of scoliosis or kyphoscoliosis were 
found in the autopsy index. These were of severe degree, and no doubt 
many other cases of slight or moderate deformity had gone unindexed. 
Of these 5 patients, definite hypertrophy of the right ventricle was 
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found in 3; in one there was dilatation without hypertrophy, and in 
one no anatomic change. This group is too small to he of statistical 
value, but the findings agree with those of Baclnnann. 13 From a clinical 
study, Edeiken 14 concluded that spinal deformities, especially scoliosis 
and kyphoscoliosis, have a profound effect upon the lungs, and that the 
effect upon the heart is probably secondary to the pulmonary changes 
in most instances. Our 5 patients all had such pulmonary lesions. 

Pulmonary Arteriolar Sclerosis . — The lungs in the group of 26 
patients listed as having “pulmonary arteriolar sclerosis” had been 
carefully sectioned and the arterioles studied because of the marked 
degree of right ventricular hypertrophy which was found at autopsy. 
A high incidence of right ventricular hypertrophy and congestive failure 
in this group was therefore to be expected. Nearly all the hearts showed 
marked hypertrophy of the right or of both ventricles. Definite con- 
gestive failure was present in 61.5 per cent of this entire group and in 
57.1 per cent of the 7 patients with pulmonary arteriolar sclerosis 
‘ ‘ alone. ’ ’ 
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Fig. 7. 


Weight of Hearts . — The percentage of hearts with increased weights 
was found to parallel closely the percentage of thickened right ven- 
tricular walls in the various pulmonary disease groups. The tubercu- 
losis group showed the largest percentage of hearts weighing 350 gm. or 
less. Normal heart weights were next most frequent in bronchiectasis, 
then came emphysema, while the pneumoconiosis and pulmonary 
arteriolar sclerosis groups showed the lowest percentage of hearts weigh- 
ing 350 gm. or less. On the other hand, pneumoconiosis was the only 
group, with the exception of pulmonary arteriolar sclerosis (a specif- 
ically selected group), in which there were hearts weighing over 500 gm. 
without associated cardiac lesions. Similarly, emphysema and pneumo- 
coniosis were the only groups in which hearts weighing over 450 gm. were 
found. These facts are shown graphically in Fig. 7. 
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SUMMARY AND CONCLUSIONS 

1. The protocols of all chronic pulmonary lesions indexed in 18,000 
consecutive autopsies were studied to ascertain the incidence of cor pul- 
monale in the more common pulmonary diseases, as evidenced by right 
ventricular hypertrophy and congestive cardiac failure. These cases 
were grouped according to their association with other pulmonary or 
cardiac lesions. 

2. Chronic pulmonary disease is an important cause of cor pulmonale. 
The various pulmonary lesions varied greatly in their effect upon the 
heart. For comparative analysis, conclusions are drawn only from the 
group of cases in which there was no other pulmonary or cardiac 
disease (cases “alone”) (Fig. 8). 


COMPARISON • 

Ufwsfotijted Pulmonary Ltiiom to V«ntiKuf«r Hyp«itropSy *r»d Conytrtivc Failure 





Fig. 8. 


3. Pneumoconiosis showed the highest percentage incidence of cor 
pulmonale. Right ventricular hypertrophy occurred in 54.2 per cent, 
and definite congestive failure in 50 per cent, of 24 patients without 
other pulmonary or cardiac disease. The number of patients with 
pneumoconiosis who died with definite congestive failure was even 
greater than the number of those who had an associated tuberculosis. 

4. Emphysema ranked second in percentage incidence. Right ven- 
tricular hypertrophy occurred in 28.9 per cent, and definite congestive 
failure in 22.3 per cent, of 45 uncomplicated cases. 

6. The hearts of patients with pulmonary tuberculosis showed right 
ventricular hypertrophy in but 3.7 per cent, and definite congestive 
failure in 1.8 per cent, of 1,470 cases. The tuberculosis group had the 
lowest percentage of right ventricular hypertrophy of all chronic pul- 
monary disease groups, except chronic bronchitis. Nevertheless, due to 
the high incidence of tuberculosis, right ventricular hypertrophy was 
seen more frequently at autopsy in patients with tuberculosis than with 
any other pulmonary disease. 
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7. Cardiac hypertrophy, as evidenced by increased heart weights, was 
found to parallel closely the percentage of thickened right ventricular 
Avails in the various chronic pulmonary disease groups. 
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PHARMACOLOGY OF CIIEYNE-STOKES RESPIRATION* 

M. H. Nathanson, M.D., and J. P. Fitzgibbon, M.D. 

Los Angeles, Calif. 

C YCLIC respiration with periods of apnea and hyperpnea is most 
frequently encountered in association with cardiac disease, cerebral 
disturbances, spontaneous or traumatic, and with uremia. In cerebral 
accidents and uremia the respiratoiy disturbance is usually over- 
shadowed by the other manifestations of the disease and ordinarily 
does not require consideration in therapy. In heart disease the cyclic 
breathing frequently results in great subjective distress, and, by inter- 
fering with the patient’s rest and sleep, becomes a definite factor in 
preventing improvement of the cardiac state. In the more extreme cases 
the periodic breathing is continuous, and the patient is constantly dis- 
turbed by the repeated cycles of deep breathing. Continuous sleep is 
impossible, the exhausted patient dozing for a few seconds, only to 
be aroused by the deep breathing which follows the period of apnea. 
Under these conditions a patient may go for days without obtaining 
more than one minute’s continuous sleep. Frequently, periodic breath- 
ing is the mechanism of nocturnal attacks of orthopnea and restlessness, 
preventing any prolonged period of continuous sleep. 

Yogi, in 1927, first used theophylline with ethylenediamine (amino- 
phyllin) in the treatment of cyclic breathing and reported the results 
of five years of observation in 1932. 1 

He concluded that periodic breathing and the associated subjective 
distress could be consistently abolished by intravenous administration 
of the drug. Others 23 ’ 2b have confirmed the observations of Yogi. Al- 
though this action of aminophyllin is quite generally known, it is rather 
surprising that there are but few reports on the subject in the literature. 
The reports mentioned 23 ’ 2b include studies of a small group of cases 
and are devoted mainly to speculation as to the possible mode of action 
of tire drug. In this country this action of aminophyllin was mentioned 
by Smith and his associates, 3 in 1935. Other studies by the Iowa group 
are those of Paul, Greene, and Feller, 4 who showed that aminophyllin 
reduced the intravenous and intrathecal pressures in patients with 
Cheyne-Stokes breathing. The largest series of patients studied is that 
of Greene and Heeren, 5 in 1936, who carried out a systematic investiga- 
tion which was controlled by graphic respiratory records. They studied 
a number of substances and found that complete abolition of the respira- 
toiy arrhythmia was observed only after the administration of amino- 

•Read before the American Heart Association, San Francisco, Calif., June 10, 1938. 
From the Department of Medicine, University of Southern California, Medical 
Service, Los Angeles County General Hospital. 

Received for publication Nov. 15, 1938. 
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phyllin. In the report of the Council on Pharmacy and Chemistry of 
the American Medical Association, in 1930, on theobromine and theo- 
phylline compounds, no mention was made of any action on the respira- 
tion. 0 In a more recent report, in 1937, the statement made in discuss- 
ing the action of aminophyllin on Cheyne-Stokes respiration is that 
“reports on such an action are for the most part uncritical and the 
observations are uncontrolled.” 7 In the discussion of theophylline in 
two standard textbooks of pharmacology, Sollmann, 1937, 8 and Bastedo, 
1938, 9 no mention is made .of this action of theophylline. In 1937, 
Marais and McMichael 10 carried out a study on theophylline in Cheyne- 
Stokes breathing, concluding that the effective substance in amino- 
phyllin is ethylenediamine and that theophylline itself is inactive. 

The purpose of the present investigation was, first, to study in detail 
the action of aminophyllin and other drugs in Cheyne-Stokes breathing, 
and second, to repeat the studies of Marais and McMichael in order to 
establish more definitely what the active substance is. In the first series 
of cases graphic records were not made. In this group 0.24 gm. of the 
drug was administered intravenously in twelve patients, with restora- 
tion of normal breathing in eight. For comparison, coramine in 2 c.c. 
doses was administered to three patients who responded to amino- 
phyllin. Coramine was without effect on the respiratory disturbance. 
In the second group, consisting of twenty-six patients, graphic respira- 
tory records were made. Each record shows a control period, a period 
of drug administration, and a variable period following the administra- 
tion of the drug. Of the twenty-six patients studied, twenty were suffer- 
ing from varying degrees of cardiac decompensation associated with 
hypertension or coronary disease. Uremia was present in three instances 
and in three patients the cyclic breathing followed a cerebral accident. 
Forty-four observations were made, and the following drugs used: 
theophylline with ethylenediamine in eighteen patients, theophylline 
monoethanolamine in seven, ethylenediamine in five, benzedrine in three, 
caffeine sodiobenzoate in three, theophylline isopropanolamine in two, 
theophylline methylglucamine in two, and theophylline sodium acetate 
in four. Aminophyllin was administered in this series in doses of .48 
gm. dissolved in 20 c.c. of water. This was injected intravenously, 
taking 3 to 5 minutes for the injection. Of the eighteen patients re- 
ceiving aminophyllin, normal breathing was restored in sixteen. The 
drug failed in two instances. In one the respiratory disturbance was 
in a patient with coronary occlusion who died within a few hours. The 
second failure was in a case of massive cerebellar hemorrhage which 
caused death within a few hours. These results compare well with those 
of Greene and Heeren, 3 who were able to restore normal breathing in 
forty-five out of forty-nine trials. The effect of the drug was immediate 
in all instances, rhythmic breathing being established before the injec- 
tion was completed (Figs. 1 and 2). During or shortly after the com- 
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pletion of the injection there was usually a period of increased depth 
of breathing which was quickly followed by a reduction of the amplitude 
of the respirations. The duration of the effect varied from twenty 
minutes to a permanent restoration of normal breathing after a single 
injection. Most frequently the effect lasted from six to eight hours. In 
cardiac failure, the duration of the normal respiration appeared to de- 
pend on the severity of the failure, with a shorter duration in the more 
severe cases. However, even in patients with marked failure, the effect 
usually lasted for many hours. 

Benzedrine is an adrenaline-like substance which has an intense stimu- 
lating action on the central nervous system. 11 There is no general agree- 
ment as to the underlying mechanism of Cheyne-Stokes breathing, but 
it has been frequently suggested that periodic respiration results from a 
depressed respiratory center. For this reason it was thought that the 
effect of a drug stimulating the central nervous system might be of 
interest. In three patients, 10 mg. of benzedrine sulphate were in- 
jected intravenously, and in no instance was the cyclic breathing 
abolished; in each case the injection was followed by one or two 
cycles of prolongation of the hyperpneie phase (Figs. 3 and 4). In 
each of the three patients failing to respond to benzedrine, aminophyl- 
lin abolished the cyclic breathing. Caffeine sodium benzoate in doses 
of 0.75 gm. was administered to three patients. In one case this was 
followed by normal breathing for 20 minutes. In the same patient 
aminophyllin restored normal respiration for several hours (Fig. 5). 
In two patients the drug had no effect on the respiratory disturbance, 
while aminophyllin showed its characteristic action. 

Aminophyllin is theophylline with ethylenedi amine, consisting of 
approximately 75 per cent theophylline and 25 per cent ethylenedi- 
amine. The drug was first introduced as a diuretic, in 1908, by 
Dessauer, 12 as a result of the search for a water-soluble theophylline 
compound for parenteral administration. Theophylline itself is rela- 
tively insoluble, and the double salt of theophylline with sodium 
acetate, soluble theocin, is soluble only in 25 parts of water. Theo- 
phylline with ethylenediamine is freely soluble in water, nonirritating, 
and easily forms a 40 per cent solution. At the outset it was consid- 
ered that ethylenediamine was pharmacologically inert and played 
no part in the action of the theophylline compound. However, Yogi 1 
reported a case in which cyclic breathing was abolished by ethylene- 
diamine itself. Guggenheimer 2 ' 1 concluded that ethylenediamine in- 
creased the activity of theophylline. Griiter 2b claimed that the com- 
bination of theophylline with ethylenediamine resulted in a more 
active diuretic substance than theophylline with other aliphatic 
amines. He also felt that ethylenediamine contributed to the coronary 
dilating action of aminophyllin. Marais and McMichael, 10 in 1937, 
came to the conclusion that the effect of aminophyllin in Cheyne- 
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Stokes respiration was due mainly to its etliylenediamine component, 
and that theophylline itself was inactive. It seemed im portant to 
repeat this study, for if the amine were the active substance, a wide 
field for further pharmacologic study of cyclic breathing would be 
opened, as there is an almost unlimited number of related substances, 
many physiologically more active than etliylenediamine. In review- 
ing the report of Marais and McMichael it did not seem that their 
results were entirely convincing. The etliylenediamine was used in 
only three patients with Cheyne-Stokes breathing. The effect of the 
drug was of very short duration and was not at all comparable to the 
action of aminophyllin. In one ease the etliylenediamine abolished 
the apneic phases, but periodic cyclic breathing still persisted. A 
subsequent injection of theophylline completed the restoration of 
normal rhythm. In the same patient, subsequently, only a transient 
abolition of periodic breathing was obtained with etliylenediamine, 
while aminophyllin abolished the cyclic breathing for two hours. In 
a third patient etliylenediamine restored normal respiratory rhythm. 
This was followed by theophylline, but the duration of the effect of 
both compounds was only fifteen minutes. At this time 0.48 gm. 
aminophyllin was injected, and the breathing was still regular twenty- 
two hours after the injection. 

In the present study etliylenediamine was administered intrave- 
nously in 200 mg. doses to five patients. In one instance there was a 
very brief modification of the cyclic breathing ; in the remaining four 
the drug was entirely without effect. Aminophyllin was then injected 
and was followed in each instance by its characteristic effect (Fig. 6). 
The effective dose of aminophyllin, 0.48 gm., contains approximately 
125 mg. of ethylenediamine, so that the dose of etliylenediamine used 
was in excess of the amount present in an effective dose of amino- 
phyllin. With the exception of Marais and McMichael, 10 who included 
some observations on the effect of theophylline sodium acetate, all 
observers have confined their investigations in Cheyne-Stokes respira- 
tion to theophylline with etliylenediamine. In order to study further 
the importance of the etliylenediamine fraction, the action of theo- 
pliilline in combination with other amines was investigated. Theo- 
phylline with monoethanolamine was administered to seven patients 
with cessation of cyclic breathing in each instance. The onset and 
duration of the effect were similar to what was observed with amino- 
phyllin (Fig. 7). Theophylline isopropanolamine and theophylline 
methylglucamine were administered to two patients, and the injection 
was followed by restoration of normal breathing in each case (Figs. 8 
and 9). The question then arose whether the amine was at all neces- 
sary for this action, and therefore in four patients theophylline sodium 
acetate in doses of 0.66 gm. was administered, and this was also fol- 
lowed by the abolition of the cyclic breathing (Fig. 10). It should be 
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mentioned that in each instance in the above studies ’the amount of 
theophylline administered was approximately the same and was 
equivalent to the amount contained in 0.48 gm. of aminophyllin. It is 
felt that these observations indicate definitely that the ethylenedi- 
amine is of little importance in the action of the theophylline com- 
pounds and that the desired action may be obtained by theophylline in 
any combination. 


MODE OF ACTION 

The exact mechanism of the action of the theophylline compounds 
in Cheyne-Stokes respiration is not clear. This is not surprising, for 
there is no generally accepted explanation of the mechanism under- 
lying cyclic breathing. There are several theories concerning the 
mode of action of the drug, but each is open to some objection. It 
has been suggested by Yogi 1 that the drug produces normal breathing 
by stimulating a depressed respiratory center. This concept is open 
to the objection that carbon dioxide, which is a powerful respiratory 
stimulant, does not reproduce the effect of theophylline in Cheyne-Stokes 
breathing. 5 Furthermore, such drugs as coramine and lobeline, which 
definitely stimulate an experimentally depressed respiratory center, are 
not effective in cyclic breathing. Greppi 13 demonstrated a rapid drop in 
spinal fluid pressure after the intravenous administration of aminophyl- 
lin in thirteen of sixteen individuals. He believed that this was most 
probably the result of the action of aminophyllin on the cerebral circula- 
tion. Paul, Greene, and Feller 4 found that aminophyllin reduced the in- 
travenous and intrathecal pressures and suggested from these observa- 
tions that cyclic breathing is abolished by an improvement in the cerebral 
circulation. Reduction in the cerebrospinal fluid pressure alone is ap- 
parently ineffective, for Greene and Heeren 5 found that the administra- 
tion of 50 per cent glucose had no effect. Guggenheimer 2a explained the 
action of aminophyllin on the basis of an increased cerebral circulation 
resulting from cerebral vasodilatation and improved cardiac action. 
He presents no experimental evidence to support this theory. It is 
evident that the cardiac effect of theophylline may be unimportant, 
because the drug is effective in periodic breathing unassociated with 
myocardial disease. The action of theophylline on the cerebral blood 
vessels has not been studied, but the related substance, caffeine, does 
produce cerebral vasodilatation. 14 It is quite clear from the present 
studies that the effect of the drug is not confined to the respiratory 
center. "When theophylline compounds are administered to patients 
who are in a comatose state, there is a distinct tendency toward re- 
turn of consciousness. This action is often very striking and sug- 
gests that the drug has a widespread effect on the central nervous 
system such as may be brought about by a general increase in cerebral 
blood flow. In this connection, it is interesting that benzedrine, which 
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apparently acts directly on the central nervous system in doses which 
have no circulatory effect, is without influence in cyclic breathing. 

It must be concluded that the exact mode of action of theophyllin 
on Cheyne-Stokes breathing is not clear. A direct action on the re- 
spiratory center is extremely unlikely. The demonstration by Greppi 13 
and by Paul and his associates 4 that a reduction in intrathecal pres- 
sure is produced by aminophyllin suggests that the drug acts on the 
cerebral circulation. It would seem that further progress may fol- 
low more direct studies on the action of the drug on the cerebral 
circulation. 

PRACTICAL APPLICATION 

One might question the practical value of therapy for Cheyne-Stokes 
respiration. In fact, in a recent volume by Fishberg, 15 the author 
states that “if one could abolish Cheyne-Stokes breathing, it is hardly 
of aid to the patient. ’ ’ This is entirely true in many instances when 
the respiratory disturbance is a terminal event. However, cyclic 
breathing with its attendant subjective distress may occur relatively 
early in the course of heart disease and, in some instances, the restora- 
tion of normal breathing gives not only subjective relief, but also by 
permitting the necessary rest is an aid in relieving cardiac failure. 
A dose of 0.24 gm. should be tried and, if this fails or if the duration 
of normal breathing is short, the larger dose of 0.48 gm. should be 
used. Of the thirty-three injections of the larger dose, unpleasant 
reactions followed in only a small number. These consisted of tachy- 
cardia, flushing of the face, sweating, and nausea. 

The administration should be repeated when the cyclic breathing 
returns ; usually not more than two or three doses a day are necessary. 

In a small group of patients suffering from nocturnal respiratory 
distress, special enteric-coated tablets of a theophylline compound 
were administered by mouth. The dose was 0.6 gm. to 0.8 gm. in di- 
vided doses, given late in the day, usually 0.2 gm. doses at 6 :00, 
7 ;00, and 8 :00 p.m. This was followed by good results in promoting 
restful sleep, making it possible to discontinue the use of sedatives. 

CONCLUSIONS 

Theophylline with ethylenediamine (aminophyllin) is a most ef- 
fective drug in abolishing Cheyne-Stokes respiration. 

The onset of the action is immediate, and the duration in the usual 
case is many hours, so that a dose of 0.48 gm. two or three times a day 
is sufficient to maintain rhythmic breathing. 

The effective substance in aminophyllin is theophylline; ethylene- 
diamine itself is ineffective; theophylline with other combinations 
shows its characteristic effect in Cheyne-Stokes breathing. 
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The following pharmaceutic houses gave generous supplies of their products: 
G. D. Searle and Company, Inc., theophylline cthylenediaminc; Eli Lilly and 
Company, theophylline monoethanolamine; Abbott Laboratories, theophylline 
metliylglucamine; The National Drug Company, theophylline isopropanolamine; 
Smith, Kline, and French Laboratories, benzedrine sulphate. 
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AN ELECTROCARDIOGRAPHIC STUDY OF TWINS 

N. Bowman Wise, M.D., Durham, N. C., Wilfrid J. Comeau, M.D., 
and Paul D. White, M.D., Boston, Mass. 

T HE many investigations which have been made of the resemblances 
and differences of identical twins do not include extensive electro- 
cardiographic studies. We have been interested in this subject not 
only as a biological problem, but as an aspect of the study of the in- 
dividuality of the electrocardiogram. In particular, our purpose in this 
investigation has been twofold: first, to discover the degree of simi- 
larity or difference manifest in the electrocardiograms of twins, and 
second, to determine whether the identity or nonidentity of a given 
pair of twins can be decided from careful comparison of their electro- 
cardiograms. 

Weitz 1 (1925), reporting an extensive study of identical twins, men- 
tioned that electrocardiograms were obtained from the majority of 
twins studied by him. These electrocardiograms were said to be readily 
separable into their proper pairs by inspection alone, but no specific 
data were given regarding the records. Almeida 2 (1929) secured 
electrocardiograms from a pair of twins who came under his observa- 
tion. These electrocardiograms coincided when superimposed, which 
fact Almeida considered as additional evidence of the identity of these 
twins. Parade 3 (1935) reported an electrocardiographic study of ten 
pairs of identical twins. The records of five pairs of twins were closely 
alike; varying degrees of similarity or difference were found in the 
records of five other pairs. 

The present study embraces thirty-two pairs of identical twins and 
eighteen pairs of nonidentical twins, a total of fifty pairs. The majority 
of these individuals were under 30 years of age. Careful histories were 
taken from forty-three of the fifty pairs of twins, to exclude possible 
etiological factors for heart disease; physical examination of the heart 
and lungs was made in this group. In order to bring out similarities 
or differences in the twins, notations were made of body build, height, 
weight, hair color, eye color, and left- or right-handedness. Inquiry was 
also made as to the frequency with which the twins had been confused. 
A brief evaluation was taken of resemblance or difference in personality 
make-up. The final impression as to identity or nonidentity of the 
twins was established on the basis of all the data collected regarding 
each pair of twins. 

The age, sex, height, and weight of the majority of the twins studied 
were as follows (Table I), including fifty-eight of the sixty-four iden- 
tical twins and twenty-one of the thirty-six nonidentical twins. 

With the cooperation of Wellford C. Reed, William H. Gordon, and William Paul 
Thompson. 
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Table I 


Identical Twins 


TWIN 

AGE 

SEX 

HEIGHT 

WEIGHT 

(INCHES) 

(POUNDS) 

G. ) 

47 

F 

66.7 

145.0 

ir. \ 


65.0 

143.5 

W. ) 

25 

3VT 

60.0 

153.0 

j. f 

60.0 

150.0 

r. 1 

21 

F 

61.5 

125.5 

H. f 

60.6 

139.0 

D. } 

27 

F 

66.8 

14S.0 

E. f 

66.5 

140.5 

S. ) 

G. ( 

34 

M 

70.2 

70.1 

155.3 

155.3 

V. ) 

22 

F 

64.0 

120.5 

G. f 

64. S 

319.3 

V. j 
■T. ( 

Dor. 1 

21 

M 

70.5 

156.0 

70.1 

356.0 

21 

F 

63.5 

306.0 

Do. \ 

Jo. } 

•To. f 

& } 

II. ) 

G. j- 
Ba. 1 

Be. f 

i T ' } 

£ { 

63.5 

311.0 

15 

F 

64.7 

320. S 

66.5 

125.0 

21 

M 

64.5 

65.0 

135.3 

336. S 

21 

! F 

65.0 

113.0 

65.0 

120.5 

21 

F 

62.0 

63.0 

123.0 

119.0 

17 

F 

61.0 

62.2 

326.5 

330.0 

20 

F 

64.0 

64.5 

127.0 

320.0 

£ 

21 

1)1 

66.8 

69.0 

144.0 

34S.3 

L. 

00 

F 

63.5 

310.0 

E. } 

W. j 

F. f 


62.1 

300.0 

21 

ill 

(35.0 

65.7 

332.0 

340. S 

M. 

?>° 

F 

65.3 

131.3 

C. } 

A. ] 

-T. f 


64 .S 

34S.5 

oo 

F 

62.5 

336.0 


63.0 

130.8 

N. J 

10 

F 

63.5 

133.0 

P. ( 

63.5 

127.0 

E. j 

21 

F 

63.5 

353.5 

I- f 

Co. ) 

Cl). ( 

62.0 

100.0 

OT 

■p 

64.3 

337.0 



63.5 

123.0 

D. j 

20 

V i 

50.0 

S8.5 

G. } 

D. 1 

K. f 

F. / 


50.0 

93.0 

41 

F 

Of).:; 

339.5 

323.0 

10 


66.0 

325.5 

P. 1 

X* 

66.0 

330.0 

A. ) 

E. ( 



64.0 

136.0 

«»«> 

r 

65.0 

143.0 

G. | 


M 

60.5 

357.0 

L. i 


60.5 

357.0 

V. | 


F ! 

67.0 

337.0 

1'. s 

i 

67.0 

334.5 

IV. | 


M 

! 

66.0 

332.0 

B. S 


66.0 

330.3 
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Table II 

Nonidentical Twins 


TWIN 

age 

SEX 

HEIGHT 

WEIGHT 

(INCHES) 

(POUNDS) 

M. ) 

22 

F 

67.5 

131.0 

M. ( 

69.5 

147.0 

E. 1 

22 

M 

62.5 

130.0 

v. 1 

63.5 

120.0 

Mi. 1 

C 

F 

43.5 

45.5 

Ma. f 

44.5 

45.0 

H. 1 

A. ( 

21 

M 

65.8 

63.7 

124.3 

128.7 

A. 1 

v. ( 

21 

F 

59.9 

59.9 

179.8 

132.5 

Eu. 1 

Eo. C 

21 

F 

64.6 

61.4 

11S.S 

101.2 

H. 1 

21 

F 

64.5 

112.0 

G. \ 

63.0 

118.5 

c. i 

23 

M 

72.0 

158.0 

J. t 

70.S 

194.0 

V. i 

19 

F 

65.3 

151.0 

E. ( 

65.3 

142.0 

M. I 

21 

21 

F 

M 

M 

69.0 

136.0 

J. f 

E. 1 

S. ( 

69.5 

67.5 

69.0 

141.0 

136.0 

135.0 


All of the individuals in this series were considered to have normal 
hearts with the exception of one, who had evidence of mitral stenosis 
on physical examination, but had no cardiac symptoms. The electro- 
cardiograms of two pairs of twins exhibited low T waves in the con- 
ventional leads. The electrocardiograms of another pair of twins (aged 
21 years) showed inverted T waves in the precordial leads. The re- 
mainder of the electrocardiograms of the twins were well within the 
usual normal limits. 

In deciding the measure of similarity shown in the electrocardiograms 
of the twins studied, not only has the character of the deflections been 
considered, but also their amplitude. The electrocardiograms of both 
identical and nonidentical twins have been conveniently grouped as 
showing “close similarity,” “some similarity,” “no similarity.” The 
absolute criteria for such designations have been established from com- 
parison of the amplitudes of the deflections, especially of the QRS 
waves, in the conventional leads. Electrocardiograms classed as show- 
ing “close similarity” are those which exhibit differences in the ampli- 
tude of similarly shaped QRS deflections of not more than 3 mm. in any 
conventional lead. Those records classed as having “some similarity” 
show differences in the amplitudes of the QRS deflections greater than 
3 mm., but not exceeding 5 inm., in any classical lead. All electro- 
cardiograms of twins which show differences in the amplitudes of the 
QRS deflections greater than 5 mm. in any lead are considered to show 
“no similarity”; such records are almost always dissimilar in shape as 
well as in size. The differences in the amplitudes of the QRS deflee- 
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tions of tlie precordial leads are not comparable to those found in the 
conventional leads and are considered mainly dne to variations in the 
position of the precordial electrodes. For this reason the criteria for 
classification of the electrocardiograms of the twins, as applied to the 
conventional leads, do not include the precordial leads. The P and 
T waves which vary in amplitude between narrow limits in the electro- 
cardiograms of twins have been found to show only slight differences 
in any lead, making it unnecessary to consider these deflections in 
establishing criteria for the grouping of the records. 


Table III 

Electrocardiograms 


TYPE OF TWINS 

NUMBER OF 

CLOSE 

SOME 

NO 

CASES 

SIMILARITY 

SIMILARITY 

SIMILARITY 

Identical 

32 

1G (50%) 

s (25%) 

8 (25%) 

Nonidentical 

IS 

4 (22%) 

5 (28%) 

9 (50%) 


ELECTROCARDIOGRAMS OF IDENTICAL TWINS 

Of the thirty-two pairs of identical twins studied, the electro- 
cardiograms of sixteen pairs of twins have been found to show “close 
similarity”; the records of eight other pairs show “no similarity.” 
Among the electrocardiograms showing “close similarity,” the first 
leads are most nearly identical, and the maximal differences are found 
in Lead III and in the precordial lead. The variations found in Lead 
III cannot be strictly correlated with the differences in weight of two 
to six pounds which existed between some individuals in this group, 
although differences in the height of the diaphragm may be of some 
importance. 

The following are examples of the different degrees of similarity 
found to exist among the electrocardiograms of the identical twins. 

ELECTROCARDIOGRAMS SHOWING CLOSE SIMILARITY 

V. and J. C. are young men, 21 years of age, who are very much alike 
in appearance. It is of particular interest that both were refused army 
enlistment in 1936 because of albuminuria. Subsequently they were 
studied at the Boston City Hospital and found to have orthostatic 
albuminuria. 4 It is said that while they were in the hospital they were 
constantly being confused, one for the other, by the ward staff. Their 
chief physical and electrocardiographic characteristics are given in 
Tables IV and V. 

Table IY 


TWIN 

HAIR 

COLOR 

EYE 

COLOR 

HANDEDNESS 

HEIGHT 

(INCHES) 

AYEIGHT 

(POUNDS) 

V. 

J. 

Sandy 

Sandy 

Blue 

Blue 

Bight 

Right 

70.5 

70.1 

156 

156 
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Table V 


LEAD 

TWIN 

P (JIM.) 

QRS (mm.) 

T (JIM.) 

I 

V. 

+Trace 

+2.0, -2.0 | 

+1.5 


J. 

+Trace 

+3.0, -2.0 

+2.0 

II 

V. 

+1.5 

-0.5, +11.0, -2.5 

+2.0 


J. 

+1.0+ 

-1.5, +11.0, -1.5 

+2.5 

III 

V. 

+1.0+ 

-2.0, +13.0, -2.0 

+0.5 


J. 

+1.0 

-2.0, +10.5, -0.5 

+0.5 

IV 

V. 

+0.5 

-G.0, +20.0 

-4.5 


J. 

+Trace 

-5.0, +S.0 



ELECTROCARDIOGRAMS SHOWING SOME SIMILARITY 
V. and F. D. are female graduate students, 23 years of age, who look 
alike and are often mistaken for each other. In temperament they 
are very much alike. Their chief physical and electrocardiographic 
characteristics are given in Tables VI and VII. 



Fie:. 1. — Electrocardiograms of identical twins V. and J. C., showing "close similarity” 

(left, V.; right, J.). 


Table VI 


TWIN 

| hair 

[ COLOR 

j EVE 

[ COLOR 

HANDEDNESS 

HEIGHT 

(INCHES) 

WEIGHT 

(POUNDS) 

V. 

Blond 

Hazel 

Bight 

67.0 

137.0 

F. 

Blond 

Hazel 

Bight 

67.0 

134.5 


ELECTROCARDIOGRAMS SHOWING NO SIMILARITY 

G. and IT. G. are female stenographers, 21 years of age, who are very 
much alike in appearance and are occasionally mistaken for each 
other. Their main physical and electrocardiographic characteristics 
are given in Tables VIII and IX. 
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Table YII 


LEAD 

TWIN 

r (mm.) 

QRS (MM.) 

T (MM.) 

I 

V. 

+0.5 

+1.0, -1.0 

+1.0 


F. 

+0.5 

+3.0, -1.0 

+2.0 

II 

V. 

+1.0 

-1.0, +14.0 

+1.5 


F. 

+1.0 

-1.0, +16.0 

+1.5 

III 

V. 

+ trace 

-2.5, +16.0 

diphasic trace 


F. 

+ trace 

-1.0, +11.0 

-1.0 

IV 

V. 

+1.0 

+16.0, -2.0 

+2.5 


F. 

+1.5 

-1.0, +1S.0 

+2.0 


Table VIII 


TWIN 

HAIR COLOR 

EYE COLOR 

HANDEDNESS 

HEIGHT 

(INCHES) 

WEIGHT 

(POUNDS) 

G. 

Brown 

Blue 

Bight 

65.0 

120.5 

H. 

Brown 

Blue 

Bight 

65.0 

113.0 


Table IX 


LEAD 

TWIN 

P (MM.) 

QRS (MM.) 

T (MM.) 

I 

G. 

+0.5 

+2.5, -5.0 

+1.0 


H. 

+0.5 

-0.5, +7.0, -2.0 

+1.5 

II 

G. 

+1.0 

-trace, +11.0, -2.0 

+1.5 


H. 

+1.0 

+10.0, -trace 

+2.0 

III 

G. 

+1.0 

-1.0, +13.0 

+1.0 


H. 

+0.5 

+3.0 

+0.5 

IV 

G. 

+1.0 

+11.0, -6.0 

+2.0 


H. 

+0.5 

+10.0, -4.0 

+3.5 


ELECTROCARDIOGRAMS OF THE NONIDENTICAL TWINS STUDIED 

Of the eighteen pairs of nonidentieal twins studied according to the 
criteria already mentioned, the electrocardiograms of four pairs have 
been found to show “close similarity.” The records of five pairs 
showed “some similarity,” and the records of nine pairs showed 
‘ ' no similarity. ’ ’ As was found in the electrocardiograms of the identical 
twins, the closest resemblance exists in the first leads, and the maximal 
differences are found in Lead III and in the precordial leads. Like- 
wise, the P and T waves show only minimal differences regardless of the 
degree of similarity exhibited in the QRS waves. The following illus- 
trate the findings in nonidentical twins. 

ELECTROCARDIOGRAMS SHOWING CLOSE SIMILARITY 

Ru. and Ro. D. are young women, 21 years of age, who differ 
markedly in body build and in general appearance, as is illustrated 
in Table X. Their personality make-ups are entirely different. Table 
XI gives their significant electrocardiographic findings. 






































Pig. 3. — Electrocardiograms of nonidentical twins Ru. and Ro. D., showing "close 
similarity” (left, Ru. ; right, Ro.). 
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Table X 


TWIN 

HAIR COLOR 

EYE COLOR 

HANDEDNESS 

HEIGHT 

(INCHES) 

WEIGHT 

(POUNDS) 

Eu. 

Brown 

Blue green 

Eight 

G5 

119 

Ro 

Dark brown 

Hazel 

Eight 

61 

99 


Table XI 


LEAD 

TWIN 

P (MSI.) 

qrs (srsr.) 

T (AIM.) 

I 

Eu. 

+ trace 

+3.0 

+1.0 


Eo. 

+ trace 

4-3.0 

+1.0 

II 

Eu. 

+2.5 

-trace, +16.0 

+4.0 


Eo. 

+2.0 

-trace, +16.0 

+3.5 

III 

Eu. 

+2.0 

—1.5, +15.0 

+2.0 


Eo. 

+2.0 

-1.5, +16.0 

+2.0 

IV 

Eu. 

+1.5 

+2.5, -4.0 

+5.5 


Eo. 

+2.0 

+1.5, -9.0 

+S.0 


ELECTROCARDIOGRAMS SHOWING SOME SIMILARITY 

F. and S. B. are male college students, 21 years of age, wlio do not 
resemble one another in appearance, and say that their personality 
make-ups are entirely unlike. Their physical and electrocardiographic 
characteristics, in brief, are given in Tables XII and XIII. 

Table XII 


TWIN 

HAIR COLOR 

EYE COLOR 

HANDEDNESS 

HEIGHT 

(INCHES) 

WEIGHT 

(POUNDS) 

F. 

Brown 

Green 

Left 

67.5 

136 

S. 

Light brown 

Blue-green 

Eight 

69.0 

135 


Table XIII 


LEAD 

TWIN 

P (mm.) 

QRS (MSI.) 

T (srsi.) 

I 

F. 


4-3.0, — 1.0 

+2.5 


S. 

m 

+5.0, -1.5 

+3.0 

II 

F. 

+1.5 

-trace, +14.0 

+3.5 


S. 

+1.0 

-2.0, +1S.0, -1.5 

+4.0 

III 

F. 

+1.0 

+12.0 

+1.5 


S. 

+1.0 

-2.0, +14.0 

+1.5 

IV 

F. 

+1.0 

-trace, +1S.0, —2.0 

+5.0 


S. 

+1.0 

-2.0, +22.0, -2.0 

+5.5 


Table XIV 


TWIN 

hair color 

EYE COLOR 

HANDEDNESS 

HEIGHT 

(INCHES) 

WEIGHT 

(POUNDS) 

V. 

Brown 

Brown 

Eight 

59.9 

132.5 

A. 

Brown 

Brown 

Eight 

59.9 

179.5 
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ELECTROCARDIOGRAMS SHOWING NO SIMILARITY 

V. and A. C. are young women, aged 21 years, quite different in 
physique and in general appearance, and never mistaken for each other. 
Tables XIV and XY show their chief physical and electrocardiographic 
characteristics. 


Table XV 


LEAD 

TWIN 

p (mm.) 

QRS (MM.) 

T (MM.) 

I 

V. 

+1.0 

+5.0, -1.5 | 

+2.0 


A. 

+1.5 

-trace, +11.0, -4.5 

+3.0 

II 

V. 

+1.0 

-1.0, +14.0, -2.0 

+3.0 


A. 

+1.5 

+11.0, -4.0 

+3.0 

III 

V. 

+0.5 

-2.0, +12.0, -1.0 

+0.5 


A. 

-0.5 

+1.0, -2.0, +3.0, -2.0 

-0.5 

IV 

V. 

+0.5 

+10.0, -3.0 

+1.5 


A. 

+0.5 

+14.0, -7.0 

+2.0 


DISCUSSION 

The electrocardiograms of the twins studied have been found to show 
no such close degree of similarity as to permit exact superimposition 
of the records. The same degree of similarity or difference as may be 
found in the electrocardiograms of a pair of identical twins may also 
exist in the records of a pair of nonidentical twins, which fact precludes 
the determination of the identity or nonidentity of a given pair of 
twins from their electrocardiograms. The differences found in the 
electrocardiograms of identical twins cannot be strictly correlated 
with small differences in heights or weights, for differences of the same 
order are found in the electrocardiograms of identical twins of the same 
heights and weights. Furthermore, electrocardiograms of nonidentical 
twins differing markedly in body build may show close similarity. 
These findings are considered to illustrate the individuality of the 
electrocardiogram. 

Our findings do indicate, however, that a close degree of similarity is 
more often to be found in the electrocardiograms of identical twins 
than in the electrocardiograms of nonidentical twins; the ratios in our 
series were 16:32 and 4:18, respectively. 

During the course of this investigation a simultaneous ortho- 
diagraphic and fluoroscopic study was made of the hearts of twins. 
The results are presented in a separate report. 5 

CONCLUSIONS 

An electrocardiographic study has been made of thirty-two pairs 
of identical twins and eighteen pairs of nonidentical twins. Varying 
degrees of similarity or difference have been found in the electro- 
cardiograms of all the twins studied. Close similarity or no similarity 
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may be found in the electrocardiograms of both identical and non- 
identical twins, for which reason the identity or nonidentity of a given 
pair of twins cannot be determined from study of their electrocardio- 
grams alone, although identical twins did show a higher percentage of 
similar electrocardiograms than did nonidentical twins (ratio of 16 to 
32, compared to that of 4 to 18). The lack of absolute correspondence 
of the electrocardiograms of identical twins of the same height and 
weight emphasizes the individuality of the electrocardiogram. 

Addendum . — Since tlie completion of this report an extensive electrocardiographic 
study of 106 pairs of twins has been published by Parade and Lehmann (Ztsclir. f. 
menschl. Yererb.- u. Konstitutionslelire 22: 96, 193S). Their results, using criteria 
similar to our own, are as follows: 

Electrocardiograms 


TYPE of twixs 

CLOSE 

SOME 

xo 

SIMILARITY 

SIMILARITY 

SIMILARITY 

Identical 

22 (41.5%) 

25 (47.2%) 

6 (11.3%) 

Nonidentical 

1 (1.9%) 

19 (35.8%) 

33 (62.3%) 


These results, as well as others cited by Parade and Lehmann, are in general 
accord with our conclusions. 
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THE PROBLEM OF ANGINA PECTORIS IN THE NEGRO* 

Morris M. Weiss, M.D. 

Louisville, Ky. 

1 I ’ HERE are numerous comments in the literature on the rarity of 
angina pectoris in the negro. 1, 2 * 3> 4 > 5 ’ G Most clinicians in the 
southern part of the United States are in accord that it is infrequently 
encountered in this race. Does the infrequency of angina pectoris in 
the negro indicate a white racial susceptibility to the disease ? Roberts 4 
attributes the difference in incidence to the lack of mental stress and 
strain in the negro. Schwab and Schulze 5 believe that it is due to 
an inherent difference in the sensitivity of the nervous systems in the 
two races. In a recent study, however, of the clinical manifestations 
of essential hypertension among negroes and whites admitted to the 
wards of the Louisville City Hospital, 7 we found that angina pectoris 
was uncommon in both races. A history of angina pectoris was ob- 
tained in 0.5 per cent of the negro and only 1.5 per cent of the white 
patients. 

Uncomplicated angina pectoris, of course, does not often require 
hospitalization. Moreover, the myocardial, cerebral, and renal failure 
symptoms of the hospitalized patient could obscure all history of 
cardiac pain. For these reasons it was decided to study the incidence 
of angina pectoris in negro patients with essential hypertension at- 
tending the outpatient department of the Louisville City Hospital, 
using, for comparison, a group of white patients with hypertension 
admitted to the clinic during the same period. This municipal clinic 
accepts only ambulatory and absolutely indigent individuals. Most 
of the clientele of the clinic are in the lowest intellectual and social 
scale of life. Patients with essential hypertension were selected for 
study because of the high incidence of angina pectoris in association 
with this disease. 1 

The records of 324 negroes with essential hypertension, including 
only adults over 20 years of age, who were admitted consecutively to 
the outpatient department, were analyzed and compared with those 
of 246 white patients admitted to the clinic during the same period. 
Table I shows the age and sex distribution of the patients. There 
were 137 negro men, 187 negro women, 132 white men, and 114 white 
women. A history of angina pectoris was obtained in 9, or 2.8 per 
cent, of the negroes, and in 12, or 4.8 per cent, of the white patients. 
There were 3 negro males, 6 negro females, 8 white males, and 4 

‘From the Department of Medicine, School of Medicine, University of Louisville, 
Louisville, Ky. 
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white females with the syndrome. Tims the incidence was low in 
both races. These figures are comparable to those reported by Flax- 
man, 8 who found angina pectoris in 2.5 per cent of 430 white patients 
and 0.5 per cent of 193 negro patients with hypertensive heart disease 
in the various charity wards and elinics in Chicago. In contrast is 
the reported incidence in private patients. White 9 obtained a history 
of angina pectoris in 26 per cent, and Nuzum, Elliot, and Evans 10 
in 12 per cent of persons with essential hypertension encountered in 
private practice. 

Table I 

Age and Sex Distribution of Outpatients With Essential Hypertension in 

Negro and White Baces 


AGE 

NEGROES (324 CASES) 

WHITES (246 CASES) 

11 

F 

TOTAL 

ir 

F 

TOTAL 


1 

3 

4 




30-39 

9 

30 

39 

3 

S 

11 

40-49 

27 

54 

SI 


16 

27 

■ 

50 

65 

115 


47 

. S8 

1 

30 

29 

59 


32 

85 

■ 

18 

6 

24 


10 

32 

80-89 

2 


2 


1 

3 


137 

187 

324 

132 

114 

246 


It is noteworthy that when the incidence of angina pectoris is low 
in the negro it is similarly low in the white patients from the same 
clinic. Stone and Vanzant, 2 who did not find a single instance of 
angina pectoris in negroes with heart disease, state that it is likewise 
not seen very frequently in the whites who attend the charity clinic, 
Avliereas among private patients it is fairly common. Gager, 11 in his 
private patients with heart disease, found that .10.9 per cent had 
angina, in contrast with 5.4 per cent in his charity practice. In the 
negro group of charity patients the incidence of angina was 4.5 per 
cent. 

It is also noteworthy that in the literature on angina pectoris there 
are numerous comments on the comparative infrequency with which 
it is encountered in charity patients. Allbutt 12 states: “In my ex- 
perience, its incidence among the laboring classes in Leeds was not 
remarkably high.” Osier 13 comments: “Though occurring among 
the poor, it is more frequently met with among the rich, or in persons 
of easy circumstances.” Gallavardin 14 claims that professional and 
well-to-do people are more frequently affected. Recent reports on 
relatively large numbers of cases, such as that of White and Bland, 15 
and Brooks, 10 are based entirely on private patients. Czyhlarz 17 feels 
that this social difference in the incidence of the disease can be ex- 
plained on a difference in sensitivity of nervous systems. Hamman 18 
believes that angina pectoris will always be a disease of the refined, 
intellectual classes, since its effects are keenly appreciated and fluently 
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described by the intellectually alert, but not clearly perceived or de- 
scribed by the intellectually obtuse. 

A disparity in the incidence of angina pectoris in the white and 
colored races might be explained on a difference in associated patho- 
logic changes. Studies on the racial incidence of coronary artery 
disease would indicate that marked coronary sclerosis is not as com- 
mon in the negro as in the white race. Thus, Bruenn, Turner, and 
Levy 19 found that 133 of 137 cases of advanced coronary sclerosis 
occurred in white persons, and only 4 in negroes, although the ratio 
of white to negro patients studied was 12 to 1. A study by Johnson 20 
of the autopsy records of 400 patients more than 39 years of age 
showed that the incidence of marked coronary sclerosis was 24 per 
cent for white males, 9 per cent of negro males, 10 per cent for white 
females, and 4 per cent for negro females. Prom this he concluded 
that members of the white race are much more susceptible to coronarj’’ 
sclerosis than negroes. 

Neither of these reports considered the incidence of hypertension 
in the eases studied, a factor which would materially influence the 
relative severity of coronary disease. With this factor in mind, an 
analysis Avas made of the macroscopic descriptions of the coronary 
vessels in the protocols of 177 negro and 178 Avliite patients with 
essentia] hypertension Avho ivere autopsied at the Louisville City 
Hospital from 1930 through 1936. Table II shows the distribution of 
the cases as to race, age, and sex. Males predominated in both races, 
probably because of the relative ease Avitli which permission can be 
obtained for an autopsy on a man. No patient in either race Avas less 
than 30 years of age. There Avas a greater incidence in the younger 
age groups of the negroes than in the Avhites. 


Table II 

Age and Sex Distribution op Autopsy Cases of Essential Hypertension in 

Negro and White Baces 


AGE 

NEGRO (177 CASES) 

WHITE (ITS CASES ') 

MALE 

FEMALE 

TOTAL 

MALE 

FEMALE 

TOTAL 

30-39 

11 


21 

3 



40-49 

22 

13 

35 

12 

S 


50-59 

30 

27 

57 


19 


00-09 

24 


34 


14 


70-79 

10 

11 

21 


15 

44 

80-89 

6 

3 

9 


2 

13 


103 

74 

177 

120 

58 

178 


Table III sIioavs the incidence of seA r ere coronary sclerosis and myo- 
cardial infarction in each race. Marked coronary sclerosis was found 
in 20 per cent of the negro males, 21 per cent of the Avliite males, 
31 per cent of the negro females, and 24 per cent of the Avhite females. 
(Her 7 per cent of the negroes had myocardial infarction, in contrast 
lo 10 per cent for the Avhites. This indicates that there is no racial 
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difference in the incidence of advanced degrees of coronary sclerosis 
or of myocardial infarction in individuals with essential hypertension. 
Hence differing degrees of coronary disease cannot explain the dis- 
parity in the incidence of angina in the negro as compared with the 
white race. 

Table III 


Incidence op Myocardial Infarction and Severe Coronary Sclerosis in Autopsy 
Cases op Essential Hypertension, Colored Contrasted With White Race 



NEGRO 

WHITE 


SEVERE CORO- 

MYOCARDIAL 

SEVERE CORO- 

MYOCARDIAL 

AGE 

NARY SCLEROSIS 

INFARCTION 

NARY SCLEROSIS 

INFARCTION 


11 

P 

M 

P 

M 

F 

M 

F 

30-39 


1 



1 




40-49 

6 

4 



2 

1 




5 

9 


2 

2 

4 


1 

60-69 

6 

4 



12 

1 


5 

70-79 

2 

4 



6 

7 



SO-89 

2 

1 

If • 


•3 

1 




21 

23 

11 | 

! 2 

26 

14 

13 j 

6 


DISCUSSION 

Explanations of the rarity of angina pectoris in the negro are inade- 
quate because they do not take into account the fact that there is a 
similar low incidence in white patients who are of the same intellec- 
tual level. A lack of ability to fully describe and interpret the sen- 
sation of cardiac pain can entirely explain the infrequency with 
which the syndrome is encountered in the negro. This is the same 
explanation offered by Hamman 18 to account for the social differences 
in the incidence of angina pectoris. It is of interest that the most 
satisfactory histories of angina in this study were obtained from pa- 
tients who were above the intellectual level of the average patient 
attending the outpatient department. The economic depression neces- 
sitated their admission to a free clinic. Differences from the white 
race in susceptibility to mental strain, nervous system sensitivity, or 
pathologic changes in the heart do not furnish an adequate explana- 
tion. Such factors explain the absence of the syndrome in certain 
individuals in a homogeneous group, but they cannot account for the 
large difference in the incidence in negro charity patients and white 
private patients. While a disturbed emotional state can precipitate 
an anginal attack, a more than moronic intelligence is required to 
describe that attack. We do not find angina pectoris in the negro 
because he is unable to give an adequate description of the sensations 
which the attack produces. Every clinician knows how difficult it is 
to obtain a good history from a southern negro. A difference in nerv- 
ous system sensitivity seems a plausible explanation. However, the 
negro is very susceptible to pain. Moreover, both white and negro 
patients who attend the same clinic cannot have a low threshold for 
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those stimuli, such as effort, cold, mental strain, and excitement, 
which precipitate an anginal attack in an intelligent white person. 


SUMMARY 

1. A study is presented of the problem of the relative infrequency 
of angina pectoris in the ambulatory negro with essential hypertension. 

2. The incidence of angina pectoris is low in both negro and white 
patients with hypertension who attend the same outpatient clinic. The 
syndrome occurred in 2.8 per cent of 314 negro patients and 4.8 per 
cent of 246 white patients with essential hypertension. 

3. No racial difference in the incidence of advanced degrees of coro- 
nary sclerosis or myocardial infarction in individuals with essential 
hypertension was found at autopsy. 

4. A lack of ability to fully describe and interpret the sensation of 
cardiac pain can entirely explain the relative infrequency with which 
angina pectoris is encountered in the negro charity patient as compared 
with the white private patient. 
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ABSENCE OF PULSE IN THE VESSELS OF THE UPPER 
EXTREMITIES AND NECK IN ANEURYSM OF 
THE AORTIC ARCH 


Elmer Maurer, M.D. 

Cincinnati, Ohio 

T HE complete absence of pulsation in the radial, brachial, and 
carotid arteries bilaterally is a rare condition. Two patients 
presenting such abnormalities have been under observation and subse- 
quently have come to autopsy in the Cincinnati General Hospital. A 
study of the literature reveals that just five similar cases of pulse ab- 
sence in aortic aneurysm have been reported previously and that in 
only three of these was there a post-mortem examination. 

Hare and Holder, 1 in 1899, analyzing 953 cases of aortic aneurysm 
with special reference to pulse abnormalities, found that in only thirty- 
two out of 784 cases of aneurysm of the aortic arch was there any pulse 
abnormality at all, and in only five of these was there complete absence 
of the radial pulse on one side. In the large series of 4,000 cases col- 
lected and reviewed by Boyd, 2 in 1924, no case of complete absence 
of carotid or radial pulse was recorded. In the literature of the past 
twenty years, including the articles by Findlay, 3 Arnold, 4 and Kahn, 5 
much space has been given to the consideration of pulse inequalities, 
but little mention has been made of such observations as are under 
discussion here. The only exception to the general lack of discussion 
of absence of arterial pulsation is Osier ’s 6 mention of a reported case of 
complete obliteration of the pulse in the arteries of the head and upper 
extremities in a patient with a large aneurysm of the arch of the aorta. 
Furthermore, it should not go unnoticed that Osier 7 mentions an instance 
of obliteration of the pulse in the abdominal aorta and in both lower 
extremities in the presence of aneurysm of the abdominal aorta. 

According to Hirsclifelder, Harvey was the first to report obliteration 
of the pulse in aneurysm of the thoracic aorta. Subsequently, through- 
out the literature inequality and retardation of the pulses were fre- 
quently referred to, while complete obliteration was seldom described. 
Lamb, 8 in 1920, for instance, in an analysis of ninety-two history 
records, reported thirteen cases in which there was inequality of pulses, 
and later, in 1924, Dr. Morris H. Kahn 5 published a treatise and case 
report dealing with delayed radial pulses in aortic aneurysm. 

Cohen and Danie, 9 in 1933, when reporting their own case of bilateral 
pulse absence in aortic aneurysm, made mention of only four similar re- 
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ports in the literature. In but two of these cases were post-mortem 
examinations performed. The first report, that of Broadbent 10 (1S75), 
described the absence of both radial pulses and of the right carotid 
pulse, all of which was accounted for bi r a plaque of atheroma almost 
completely obliterating the orifice of the innominate artery, which was 
unusually close to the left common carotid artery. An anomalous 
vertebral artery, arising directly from the aortic arch, encroached 
upon the orifice of the left subclavian artery, which likewise was further 
narrowed by an atheromatous plaque. The lesions therefore were 
multiple. 

In the second case, reported by Shildiare, 11 in 1921, there was absence 
of the pulses as a result of almost complete obliteration of the luinina 
of the large vessels arising from the aortic arch by ante-mortem 
thrombi, which arose as fingerlike projections from a “mother” clot 
filling the greater portion of the dilated aortic arch. 

In the two remaining eases, those of Crawford 12 and Kampmeier and 
Neumann, 13 there was no post-mortem examination, so that the patho- 
logic basis for the obliteration of the pulses necessarily remained a 
matter of conjecture. It was suggested, however, by Kampmeier and 
Neumann that in Crawford’s ease, as well as in their own, the oblitera- 
tion of the arterial pulses was probably produced by pressure of an en- 
larging aneurysmal sac on the arterial trunks. 

In Cohen and Danie’s 9 own- case of bilaterally absent carotid and 
radial pulses, post-mortem examination disclosed a fusiform aneurysm 
of the ascending and transverse “arms” of the thoracic aorta, with 
complete obliteration of the three main arteries arising from the aortic 
arch, their sites being represented merely by two shallow depressions. 
Microscopic examination of sections taken through the sites of occlusion 
showed extensive subintimal proliferation in the innominate, left sub- 
clavian, and left carotid arteries. Although syphilitic endarteritis is 
admittedly rare in large arteries, these investigators ventured the 
opinion that occlusion of the large vessels came about through narrow- 
ing of their orifices by plaques associated with syphilitic subintimal 
proliferation. 

The first case here reported was recently observed in the Cincinnati 
General Hospital. It was of unusual interest because of the absence 
of pulsations in the superficial arteries of the right arm and both 
carotids, and of importance in that the pathologic findings were different 
from any so far recorded. Interest being aroused as to the incidence 
of this unusual condition, the clinical and necropsy records of all 
patients coming to post mortem in the Cincinnati General Hospital 
during the past eleven years, 1927 to 1937, inclusive, were reviewed. In 
a total of 7,455 autopsies performed during this period, 113 cases of 
aneurysm of the aortic arch were encountered, in five of which there was 
complete absence of pulse in one or more of the superficial vessels of 
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the upper extremity and neck. In two there were pulse differences 
only m the upper extremities, and in the entire series only one case was 
iscovered m which there were no recognizable pulsations in the radial 
and carotid vessels bilaterally. This is included as Case 2 of the present 
report. 


REPORT OF CASES 


Case 1. History: M. J., 65 years of age, a colored woman, was brought to the 
Cincinnati General Hospital, Feb. 3, 1938, unaccompanied by either relatives or 
friends. On admission to the receiving ward the patient could give no history, for she 
was unable to talk; her entire right side was paralyzed. The history, therefore, 
necessarily was obtained subsequently from a woman with whom the patient had 
been residing during the past year. According to this informant, the patient had 
always enjoyed fair health until Jan. 24, 1937, when, while sitting in a chair, she 
suddenly slumped forward, and on being examined immediately thereafter was 
found to be without the power of speech and paralyzed over her entire right side. 
Hie patient was placed in bed, and the following morning could respond to questions 
and make active movements with her right arm and leg. Following this episode she 
was again up and about until Feb. 2, 193S, tlie day before admission, when again, 
while sitting in a chair, she suddenly fell to the floor unconscious, was again put 
to bed; the following day, on advice of a local physician, she was brought to the 
hospital. No further history was obtainable. 

Examination . — Physical examination, a short time after admission on the neurologic 
ward, revealed an aged, semiconscious, thin, little colored woman who was unable to 
talk or to move her right arm and leg. Her head was retracted laterally to the 
left and the neck became rigid when forceful flexion to the right was attempted. 
The right margin of the mouth drooped downward, the right side of the body was 
flaccid, the left arm and hand moved spasmodically, and the left leg was flexed on the 
thigh. The only obtainable response to external stimuli was a withdrawal move- 
ment of the left upper and lower extremities following pinprick. ^Respirations 
were Cheyne-Stokes in character, labored and noisy. The skin generally was dry, 
scaly, and much warmer over the left side of the body. 

Cursory examination of the head revealed no evidences of recent or past trauma. 
The pupils were equal, regular, moderately dilated, and reacted well to light and in 
accommodation. No nystagmus or strabismus was noted. Ophthalmoscopic exam- 
ination showed the disks to be clearly outlined and without papilledema. There 
were well-marked, bilateral, retinal arteriosclerosis and notching of veins by arteries 


which crossed them. 

The right margin of the mouth dropped and the left lip was full and relaxed. 
The lower jaw was edentulous, the pharynx was clear, and the tongue deviated to 
the left of the midline. 

There was a torticollis deformity on the left, with prominence of the right sterno 
cleidomastoid muscle and complete absence of pulsations in both carotid vessels. 

The chest was symmetrical and the respiratory excursions equal, jeiky, and 
variable. A few dilated veins were easily visible over the anterior surface of the 
upper third of the left chest. The lungs were normal to percussion and auscultation. 

The cardiac apex impulse, which was forceful, heaving, and diffuse, was easily 
visible in the sixth intercostal space in the midaxillary line, 15 cm. from the mi 
sternal line. There was a palpable pulsation in the third right intercostal space, 
approximately G cm. from the midline. On percussion, the heart was thought o e 
greatly enlarged to the left, and an area of parasternal dullness 9 cm. 'vide was 
found at the level of the first interspace. The arch of the aorta was slightly above 
suprasternal notch and presented itself as a firm, pulsating, globular mass. - so 
tolic thrill was felt over the cardiac apex, and a loud, harsh, rasping sys o ic mi 
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was audible over tlie same area. An inconstant soft, blowing, systolic murmur could 
be heard over the base of the heart. No diastolic murmurs were present. The cardiac 
mechanism was normal except for numerous extrasystoles. The pulse at the right 
wrist was barely perceptible and so weak that estimation of its rate was impossible. 
The left radial pulse was 94 per minute, strong, and of good volume. The blood 
pressure in the right arm was 100/90 and in the left arm 190/100, both readings be- 
ing obtained with the patient lying supine in bed. The vessels in all four extremities 
presented a diffuse sclerosis of the Monckeberg variety. 

Abdominal, pelvic, and rectal examinations were essentially negative. 

The cranial nerves were intact except for right-sided facial hemiparesis and 
lingual deviation to the left. The deep reflexes were slightly hyperactive on the 
left, the abdominal reflexes depressed on the right, and plantar reversal signs were 
not obtained. Motor power was completely gone in the right upper and lower ex- 
tremities and the right side of the face. 

The clinical impression at this time was that the patient had suffered a cerebro- 
vascular accident on the left side, due to thrombosis, with resultant right-sided 
hemiplegia and facial weakness. To this were added the diagnoses of aortic dilata- 
tion with aneurysm of the arch and compression of the innominate and left common 
carotid arteries, and left-sided torticollis. 

A note made in the clinical record on February 4 described the patient as able 
to respond at times and as having persistent right-sided flaccid hemiplegia and 
facial paralysis. Positive Oppenlieim and Chaddock signs were obtained for the 
first time, but the Babinski response remained flexor in type bilaterally.’ The left 
radial pulse was full and the blood pressure in the left arm was recorded as 200/100. 
The right radial pulse was still imperceptible and the blood pressure reading in this 
arm was noted as 90/85. The other signs remained unchanged. 

Laboratory Eeports . — Urine and stool examinations were negative on several 
occasions. Blood studies on admission showed that the hemoglobin was 15.0 grams, 
the erythrocyte count 5,700,000, and the leucocyte count 15,050, with SO per cent 
neutrophiles, 11 per cent lymphocytes, and 9 per cent monocytes. Blood chemical 
analyses turn days after admission showed a urea of 42 mg. per cent and carbon 
dioxide combining power of 32 volumes per cent. The blood Kahn reaction was one 
plus. Clear spinal fluid released under an initial pressure of 15 cm. of water con- 
tained three cells, all lymphocytes, per c.mm. and gave a negative Pandy test. The 
spinal fluid 'Wassermann and Meinicke reactions and gold curve were all negative. 
Electrocardiographic tracings made on the patient’s second hospital day indicated 
mild myocardial damage. Fluoroscopic and radiographic examination on the same 
day showed moderate enlargement of the heart to the left and a fusiform widening 
of the superior mediastinum, with displacement of the trachea to the left. This 
superior mediastinal mass was seen to pulsate under the fluoroscope and was thought 
to be a large aneurysm of the ascending aorta, with some involvement of the in- 
nominate artery. The lung fields were clear. 

During her short stay in the hospital the patient was treated with supportive 
measures, but gradually became unresponsive, sank into a deep stupor, and died on 
Feb. C, 1938, three days after admission and five days after the onset of her illness. 

Necropsy . — Superficial examination of the body was essentially negative except for 
the left-sided torticollis deformity. On removing the breast plate there was en- 
countered a globular mass, approximately 7.5 by 8 by S cm. in diameter, projecting 
anteriorly and upward from the superior portion of the anterior mediastinum. This 
mass was of unusual firmness, saccular in shape, and occupied all available space 
between the origin of the left common carotid artery and the first portion of the 
transverse aortic arch. Examination of the aneurysmal sac through a small window 
made in its anterior surface showed the lumen to be completely filled with an 
organized, laminated, ante-mortem thrombus. The left common carotid artery 
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at its origin ivas completely occluded by what appeared to be a cicatricial mass 
centering about the carotid ostium, and sealing together the intimal coverings in 
the first centimeter of its course. Immediately above its origin the left common 
carotid artery presented its usual size and possessed normal elasticity. It was im- 
possible to determine definitely in the gross whether the occlusion was due to 
cicatricial stenosis caused by inflammation, compression by the aneurysmal mass, or 
both. Furthermore, it was impossible to identify the origin of the innominate artery; 
the only remnant of it was a small obliterated tubular structure coursing along the 
upper right side of the posterior surface of the aneurysm. The bifurcation of the 
innominate artery into the right common carotid and subclavian arteries, however, 
could be identified near this area, and the course of the innominate vessel traced 
toward the heart over the posterior surface of the aneurysm for a distance of 3.5 cm. 
Beyond this point the innominate artery, after coursing a distance of 0.5 cm. as an 



Fig. X. Aneurysm of the arch of the aorta, showing occlusion of the ostium of the 
left common carotid artery (Case 1). 

obliterated tubule, was lost in the posterior wall of the aneurysmal mass. Arising 
from the anterior inferior wall of the terminal portion of the transverse aortic arch 
was another smaller, shallow, saucer-shaped aneurysm, 3 cm. in diameter and 1 cm. 
deep. Within the ascending and transverse segments of the arch of the aorta the 
intimal surface was almost entirely occupied by puckered, pearly-white scars and 
atheromatous plaques. 

The heart was moderately enlarged, flabby, weighed 500 gm., and was pushed 
to the left and backward by the aneurysm. The valve leaflets were all competent, 
and the mural endocardium was smooth and glistening. 
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The trachea and esophagus were patent and showed no evidences of compression 
or erosion. 

The kidneys were remarkable only for moderate arterial and arteriolar 
nephrosclerosis. 

The pia-arachnoid over the convexity of the cerebral hemispheres of the brain, 
which weighed 10715 gm., showed patchy areas of milky opacity which were in- 
terpreted as the result of chronic leptomeningitis. The cerebral veins were con- 
gested and numerous atherosclerotic rings were seen in the vessels of the arterial 
circle of Willis. The left internal carotid and left middle cerebral arteries at 
their point of juncture with the arterial circle were completely occluded by an 
ante-mortem thrombus which extended for a distance of 3 cm. into the latter ves- 
sel. Microscopic examination of numerous sections of both vessels at their point 
of anastomosis with the arterial ring and at regular intervals along the first 2 
cm. of their courses disclosed that their lumina were completely filled with a 
recent thrombus composed of corallike laminae of platelets with marginal leuco- 
cytes and intervening red corpuscles and fibrin. The intimal layers in all sections 



Pig. 2. — Posterior view of the same specimen as in Pig. 1, showing occlusion of the 

innominate artery. 

were markedly thickened and showed extensive atheroma, and also miliary 
erosions of the endothelial lining, covered by thrombi, and hyalinization of the 
new connective tissue which bulged from the arterial walls for some distance into 
their occluded lumina. Horizontal section through the brain at the level of the 
basal nuclei revealed a recent, massive, wedge-shaped area of infarction replacing 
the greater portion of the left temporal lobe, involving the anterior left caudate 
nucleus, the internal capsule in its entirety, the lenticular nucleus, thalamus, and 
island of Reil, extending posteriorly to involve the anterior extremities of the 
optic tract. Even with definite microscopic proof of the existence of an ante- 
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mortem thrombus in the internal carotid and middle cerebral arteries it is diffi- 
cult, if not impossible, to explain with certainty the origin of the occluding 
clot. From the data at hand, however, two feasible explanations can be offered. 
The occlusion could have occurred because of: (1) embolus originating in the 
aneurysmal thrombus and passing by way of the left subclavian and vertebral 
arteries to the point of occlusion; or (2) thrombosis of the middle cerebral artery 
resulting from intimal damage due to arteriosclerosis. However, it would seem 
very unlikely that an embolus would seek out such a circuitous pathway as is 
described by the right-angled origin and spiral course of the left vertebral artery.' 
This improbability and the lack of embolic phenomena in the remaining viscera 
would tend to support the second possibility. 

Histopcithology . — The histologic examination of the aortic arch and its major 
vessels was carried out on sections stained by (a) hematoxylin and eosin, (b) 
hematoxylin and Van Gieson, and (e) Levaditi’s stain. Transverse sections through 
the arch of the aorta and the innominate and left common carotid arteries at their 
points of occlusion showed marked intimal proliferation, hyalinization, ulceration, 
and necrosis, overlying a distorted, scarred media dotted with localized areas of 
necrosis and cellular infiltrate composed for the most part of numerous lymphocytes, 
plasma cells, and foreign-body giant cells. In several places these cellular accumu- 
lations assumed the form of miliary gummas. Similar, smaller, but well-defined, 
areas of necrosis and lymphocytic infiltration were seen in the adventitial coats of 
all the occluded vessels, the cellular elements being arranged in the form of peri- 
vascular lymphocytic “collars” about the vasa vasorum. The whole of the intimal 
bundle in all sections stained a definite pink with Van Gieson ’s stain. Levaditi prep- 
parations failed to reveal any spirochetes. 

Ca.se 2. — Eistory : M. M., 33 years of age, a colored woman, was brought to 
the receiving ward of the Cincinnati General Hospital, Sept. 30, 1933, shortly after 
being discovered unconscious on the street. According to the history obtained from 
a daughter, the patient had suffered a ‘ ‘ stroke ’ ’ with resultant right-sided hemiplegia 
and complete aphasia three and one-lialf years prior to her present accident. In the 
interim she had regained some use of her right arm and leg, could say a few words, 
and apparently was enjoying fair health except for numerous fainting spells. These 
latter seizures were described as periods of complete unconsciousness during which 
the patient appeared to be lifeless except for respirations. She had received a small 
amount of antisyphilitic treatment before admission. The patient had lost 40 
pounds during the preceding two years. The hospital course was uneventful except 
for three or four attacks of syncope and weakness brought on by sitting upright 
and relieved by lying down. Approximately two months after admission the patient 
suddenly sat up in bed, expectorated three ounces of blood, and twenty minutes later 
died. 

Examination . — The patient was a well-developed colored woman apparently com- 
fortable in bed while lying down. The skin over the shoulder girdle, upper ex- 
tremities, head, and neck was less warm than over the rest of the body. The lips and 
nail beds were cyanotic. The right pupil was slightly larger than the left, but both 
reacted well to light and in accommodation. Examination of the neck showed diffuse 
enlargement of the thyroid gland, deviation of the trachea to the right, no tracheal 
tug, and absent pulsations in both carotid arteries. Except for slight lifting of the 
upper sternum with each heart beat the chest was essentially negative. Para- 
manubrial dullness was present on both sides in the first and second intercostal 
spaces. The cardiac apex was visible in the fifth left intercostal space 11 cm. from 
the midsternal line. No murmurs could be heard, the aortic second sound was louder 
than the pulmonic second, and the heart sounds were of “tic-tac” quality. No pulse 
could be felt in either upper extremity and the blood pressure could not be measured 
in the arms. In the lower extremities a systolic pressure of 120 was noted on several 
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occasions. Dorsalis pedis pulsations were present bilaterallj'. Pelvic examination 
revealed a large fibroma of the uterus. The arms and hands on both sides were 
definitely atrophic. 

Laboratory Eeports . — Examination of the urine and stools yielded negative 
results on all occasions. The blood showed a hemoglobin content of SO per cent, an 
erythrocyte count of 5,400,000, and a leucocyte count of 7,500, with a normal 
blood smear. The blood Wassermann reaction was strongly positive. The spinal 
fluid showed a trace of globulin and three cells per c.mm. The spinal fluid Wasser- 
mann reaction was positive and the gold curve was reported as 0013443211. The basal 
metabolic rate was minus 6 per cent. The roentgenologist reported marked promi- 
nence of the aortic knoll and thickened pleura over the right apex. 

Necropsy . — The body was that of a well-developed, moderately obese colored woman 
of middle age. On removing the heart a firm mass, 5 by 5 cm. in diameter, was 
encountered in the upper mediastinum, which was identified as a saccular outpouching 
of the transverse arch of the aorta, filled with a laminated blood clot. The aortic 
intima in this region showed scattered, elevated, tough, pearly-white plaques edged 
with a thin rim of scar tissue. 

Glove-finger projections of the ante-mortem thrombus situated in the aneurysm 
extended into and completely occluded the innominate, left common carotid, and left 
subclavian arteries. The vessels distal to the aneurysm showed no noteworthy change. 
There was no ulceration by the aneurysm into the esophagus or trachea. The remain- 
ing macroscopic findings were not significant except for caseous pneumonia, purulent 
bronchitis, and focal areas of cerebral enceplialomalacia. 

Histopathology . — Microscopic examination of representative sections of the aorta 
showed fibrous thickening of the intimal lining, with fragmentation and lymphocytic 
infiltration of the media. The vasa vasorum of the adventitia presented the usual 
perivascular lymphocytic ‘ 'collars’ ’ seen in syphilitic aortitis. 

DISCUSSION 

In view of tlie complete occlusion of the large arterial trunks which 
carry blood to the head, neck, and arms, it would have been interest- 
ing to have traced out the possible channels of collateral circulation. 
However, such detailed dissection of the anastomoses in the neck and 
arms would have necessitated special autopsy permission which un- 
fortunately was not obtained in the two cases here reported. 

It is interesting to note that in all of the five previously reported 
cases the diagnosis of syphilis could be made either on the basis of post- 
mortem findings or serologic tests. In Broadbent’s case there was a 
positive history of syphilis and characteristic lesions were demonstrated 
in the aorta. In Crawford’s and in Kampmeier and Neumann’s cases 
the serologic tests were positive for syphilis and the diagnosis was 
said to have been verified roentgenologically. No serologic data were 
available in Shikharc’s report, but a definite aneurysm was demon- 
strated post mortem. Both gross and microscopic evidences of syphilis 
were presented in the case reported by Cohen and Danie. Positive 
serologic tests and gross and microscopic lesions of syphilis occurred in 
both cases here reported. 

Of further interest is the fact that the presenting complaint in all 
eases, both those reviewed and those here reported, was referable to 
the cerebrum, evidently caused by cerebral anoxemia. 
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In all cases presented there was complete absence of pulsations in 
the carotid and radial vessels, with the exception that a weak carotid 
pulse was present on one side in Broadbent’s patient and a radial pulse 
in the left arm in the first case reported here. Incidentally, it should 
be noted how, in this same patient, the collateral circulation reached 
such a degree of perfection that a blood pressure of 100/90 could be 
measured in the right arm; which was later shown, anatomically, to be 
completely without any main arterial supply. 

SUMMARY 

Two cases of aneurysm of the aortic arch with absent carotid and 
radial pulses are reported. In a review of the literature but five similar 
cases were found, in only three of which was there a post-mortem exam- 
ination. Syphilis was undoubtedly present in all of these cases. The 
clinical picture in all of the cases was that of cerebral disease, with 
attacks of dizziness and syncope, together with absent pulsations in the 
superficial vessels of the neck and upper extremities. 
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ELECTROCARDIOGRAPHIC CHANGES INDUCED BY 
THE TAKING OF FOOD 

A Preliminary Report 

Manuel Gardberg, M.D., and Jenny Olsen, B.A. 

New Orleans, La. 

A LTHOUGH Wilson and Finch 1 reported certain transient changes 
l following' the ingestion of ice water, there are, as far as we have 
been able to ascertain, no reports in the literature concerning the 
effect on the electrocardiogram of taking food. An investigation of 
this matter was undertaken by us, early in 1938, with the object of 
determining whether or not ordinary meals induce changes of suffi- 
cient magnitude to be taken into consideration in the clinical inter- 
pretation of electrocardiograms. 



Pig. 1 . 


Electrocardiograms were made on nine normal, healthy, young 
ac u ts before, and again within thirty minutes following, an ordinary 
mixed meal. Of these, seven showed- changes which are of some in- 

Orleans. 1 ^ Depart ™ nt of Medicine. School of Medicine. Tulane University. New 
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terest. These changes consist of a 30 to 50 per cent decrease in the 
height of the T-ovaves in Lead I or III, or in all three leads. In one 
case (Fig. I), T 3 , which was previously upright, became inverted. In 
another (Fig. 2), Ti not only was markedly lowered, blit became 
notched also. 

Thus far the cause of these changes has not been determined. They 
cannot be correlated with change in heart rate, for in one case the 
rate remained the same. Again, the change in the T-wave is not 
proportionate to the degree of rate change in any ease. In no case 
did sufficient change in the electrical axis occur to explain the altera- 
tions in the height of the T-waves. 

Several subjects have been studied in an attempt to discover the 
time of onset, and duration, of these changes. It has been found that 
the change does not reach its maximum until about one hour after 
the food is taken. It persists at this level for one and one-half to two 
hours, and then begins to disappear (Fig. 3). 

CONCLUSION 

Though no final conclusion is possible at the present time, it seemed 
justifiable to render a preliminary report of the finding of certain 
changes in the electrocardiogram, following the taking of food, in 
seven of nine normal individuals, together with the behavior of these 
changes Avith respect to onset and duration in seA r eral other (also nor- 
mal) individuals. 

REFERENCE 

1. Wilson, F. N., and Finch, R.: The Effect of Drinking Iced-Water Upon the 
Form of the T Deflection of the Electrocardiogram, Heart 10: 275, 1923. 



Department of Clinical Reports 


PRIMARY TUMOR OF THE HEART (ENTRANCE OF 
THE PULMONARY ARTERY) * 

Case Report 

W. C. Martin, M.D., E. L. Tuohy, M.D., and Charles Will, M.D. 

Duluth, Minn. 

D RIMARY tumors of the heart are of sufficient rarity to merit report. The 
present instance concerns a woman, 46 years of age, who entered St. Mary's 
Hospital in obvious, severe, congestive heart failure, and died within thirty 
hours. Fortunately, there was time to observe her and to record some important 
data. There was a negative history of anything betokening rheumatic fever 
or its equivalent. There was no hypertension. While somewhat frail, she had never 
been conspicuously ill. She had had three children, with normal deliveries, the 
youngest of whom was 17 years old. 

She had consulted her doctor about an upper respiratory infection early in 
October, 1937. During the succeeding winter she had lost six pounds, which re- 
duced her weight to 102 pounds. She had noted increasing fatigue and dyspnea 
on slight exertion, but she had had no orthopnea. In March, 1938, her physician 
diagnosed hypochromic, microcytic anemia, and gave her extra vitamins and iron. 
A month later her hemoglobin was recorded as 43 per cent, and she felt no better. 
In keeping with this type of anemia, she had decidedly brittle and scaphoid finger 
nails, a smooth tongue, and a very indifferent appetite. A systolic murmur was 
heard at the base of the heart. Edema noticeable to the patient first appeared in 
the third week of May, 1938, and thereafter her discomfort and incapacity increased 
rapidly. There was conspicuous absence of precordial pain, and nothing comparable 
to angina of effort. A few days before entering the hospital there had been some 
sense of oppression and fullness in the abdomen. The dark color of the stools 
was thought to be a result of the iron medication, and this proved to be correct. 

On the day of admission to the hospital her breathing was hurried, even, and non- 
stertorous, at a rate of about 3G per minute. There was a dusky pallor, lending a 
suggestion of the "cafe au lait” appearance. This, coupled with a very loud 
systolic murmur heard over the precordium and a history of severe anemia, led to a 
careful search for petecliiae. None could be found, nor could the spleen be palpated. 
It was noted that she had extreme changes in the nails (koilonyehia, brittleness), 
and that the tongue was smooth and showed some atrophy of the papillae, without 
actual glossitis. The liver was very easily palpable, and was down well below the 
costal margin. The neck veins were greatly distended, so much so that pressure upon 
the liver did not distend them any more. Unfortunately, we did not have the op- 
portunity to measure the venous pressure; and in her semiconscious state we could 
not estimate the arm-to-tongue circulation time. The abdomen had a somewhat 
doughy feel, indicating some ascites. Over the base of the right lung the percussion 
note was dull to flat, and bronchial breathing and whispered pectoriloquy were 
present in this area. The apex thrust of the heart was out somewhat to the left. The 
blood pressure at that time was somewhat low (about 100/70). The eye grounds 
rvere entirely negative. 

‘From the Clinic and Pathological Laboratories of St. Mary’s Hospital, Dulutli. 
Minn. 
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Differential Diagnosis . — The patient was suffering from congestive heart failure 
of high degree, from which she died very shortly, while an attempt was being made, 
by means of slow intravenous injection, to combat the acidosis which the carbon- 
dioxide combining power of 30 volumes per cent indicated. 

With edema, some ascites, hepatic enlargement, evidence of fluid in the right 
pleural cavity, and low voltage in all leads of the electrocardiogram (she did have 
considerable fluid in the pericardial sac), was she in the terminal stage of congestive 
heart failure, with subacute bacterial endocarditis superimposed upon either an 
old rheumatic or congenital defect? With the type of. anemia present, and the 
characteristic changes in the nails and tongue, one could be quite sure that this 
anemia was not secondary to subacute endocarditis. Examination of the blood 
just before death showed that the hemoglobin was 75 per cent, the erythrocyte 
count 4,900,000, the leucocyte count 13,800, and the differential count normal. These 
high counts imply liemoconeentration through dehydration and acidosis. 

The loud basal systolic murmur raised the question of mitral valve involvement 
and indicated caution about attaching too much importance to anemia as a possible 
factor. The definite liver enlargement and the great engorgement of the veins of 
the neck indicated tricuspid regurgitation with light ventricular decompensation. 
The bedside roentgenogram gave confirmation of cardiac enlargement both to the left 
and right. The absence of any thrill, clubbing of the fingers, and history of cyanosis 
spoke against pulmonary stenosis of long duration. Further comment will be made 
later upon some of these items. 


Pig-. 



1. Electrocardiogram, taken a few hours 
and right axis deviation are noted, 


before- the patient died. 
Isoelectric T in Lead 


I. 


Low voltage 


Dr. George L. Berdez, pathologist at St. Mary's Hospital reported that ™ 
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compact structure in some areas, to a softer and edematous consistency. Upon open- 
ing the pulmonary artery itself this whitish tumor was seen to actually involve the 
pulmonary valve, and to spread to the adjacent endocardium for a distance of about 
2 14 cm. Sectioning the wall of the pulmonary artery, the tumor tissue was seen to 
invade its whole thickness, without, however, perforating it. The pulmonary valve in- 
vasion had rendered the cusps somewhat softened, thickened, to a thickness of 0.3 cm., 
or more. The tumor spread along the course of the pulmonary artery, to the right and 
to the left pulmonary arteries, and to the beginning of their main branches. The 
lumen of the right pulmonary artery was somewhat narrowed; those of the main 
branches of the left pulmonary artery were slightly dilated; the wall of these latter 
branches appeared somewhat thin, and the surface demonstrated faint longitudinal 
striae. No emboli were found. There was moderate emphysema of the left lung, 
but little else was demonstrated. 



Fig-. 2. — The heart is shown with the right ventricle opened. The diffuse tumor rises 
from the background of the opened pulmonary artery. 

“Microscopically, the tumor cells were decisively polymorphous (irregular in size 
and shape) ; in places the cells -were spindled, at others rounded. The cell nuclei 
were also irregular in shape and size (elongated, rounded, irregular), and were 
moderately rich in chromatin. Some of the nuclei were hypocliromatic. Only a few 
showed mitoses. The development of a relatively few fibrillar cellular elements in 
some places accounted for the edematous areas; areas of connective tissue and fibrosis 
accounted for the firmer zones. The tumor cells invaded deeply into the wall of the 
artery, as was intimated in the growth. There was shown an occasional area of 
necrosis, with numerous Pnm’s (polymorphonuclear leucocytes) associated. The 
adventitia of the pulmonary artery was edematous, and showed areas of lymphatic 
infiltration. Sections of the right pulmonary artery showed the tumor invading 
the intima, and the resultant thickening accounted for the tendency to stenosis. 
It was likely that the thinning out of the left pulmonary artery followed the in- 
sufficiency of the pxilmonary valve. No metastases were found.” 

The final diagnosis was neoplastic stenosis, grade III, of the pulmonary valve, 
with grade I insufficiency of the pulmonary valve; and marked hypertrophy and 
dilatation of the heart. The tumor proved to be a polymorphous cell sarcoma, with 
a very limited amount of fibrosis. 
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DISCUSSION 

Strouse 1 has recently reported a ease with a complete . Bibliography of 
primary tumors of the heart. For that reason we shall .limit our refer- 
ences. His case report concerns a man who had symptoms of heart 
disease for forty-three years. The tumor, in keeping with the protracted 
history, was a benign myxoma of the right auricle. Strouse refers to the 
articles by Yater, 2 who gave a review of the literature in 1931, and 
Mead, 3 who reported upon metastatic invasion from lung carcinoma in 
1932. The general incidence of primary tumor of the heart is estimated 
at only 0.03 per cent, whereas metastatic growths give an incidence of 
0.5 per cent. Since primary malignant tumors of the lungs or medias- 
tinum may readily reach the heart, either through lymphatic drainage 
and venous return or by direct extension, it is not strange that most of 
such growths occur in the right side of the heart and, usually, the right 
auricle. The primary source might, however, be any portion of the 
body, with the possible exception of the brain, whence malignant tumors 
rarely metastasize. Few of these cardiac metastases produce symptoms; 
and if they do they are obscured by an excess of disturbances due to 
the primary growth. It is theoretically possible that both primary 
and secondary tumors may invade the conducting mechanism, or begin in 
the epicardium or pericardium and produce the signs (including the 
electrocardiographic) of pericarditis. Barnes, Beaver, and Snell, 4 in 1934, 
reported the first case in which a primary malignant tumor was diag- 
nosed ante mortem. They had the advantage of a deltoid muscle biopsy 
from an area of tenderness. This, coupled with the electrocardiographic 
proof of atrioventricular dissociation occurring acutely, led to the pre- 
sumptive and correct diagnosis of a cardiac tumor. In Shelburne ’s case, 5 
reported in 1935, the correct diagnosis was likewise made ante mortem 
from pericardial evidence of a primary sarcoma of the pericardium, with 
electrocardiographic localization. Willius 6 reported a fibrosarcoma of 
the right auricle in May, 1938. He gives a reference to Perlstein, 7 who 
reported on sarcoma of the heart in 1918 and collected thirty cases of 
primary tumor, adding one of his own. Willius brings up the question 
of future possibilities of ante-mortem diagnosis and discusses certain 
electrocardiographic aids. Epicardial invasion, irritation, or fibrin ac- 
cumulation, usually in association with pericarditis with effusion, yields 
reliable electrocardiographic diagnostic hints. 

Boman 8 has recently reported upon a primary sarcoma of the peri- 
cardium undiagnosed before death. He found Yater ’s classification of 
clinical types and their symptoms useful. Obviously, the pericardial 
irritation, fluid accumulation, and tendency to cardiac tamponade are 
more likely to induce obtrusive symptoms and physical signs than intra- 
muscular or intracardiac protrusions. 

Concerning the problem of making ante-mortem diagnoses of primary 
cardiac tumors, Strouse 1 makes the following logical comments : “It 
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must be admitted that practically all the information so far published 
lias been based on ex post facto reasoning. ” However, this is the manner 
in which practically all improvements in diagnostic ability have been 
made. In retrospect, in our ease, we feel that there was evidence suf- 
ficient, if it had been correlated, to at least lead to a presumptive diag- 
nosis. Conditions that arise so rarely are likely to be totally out of mind. 
The following circumstances stand out conspicuously, and it may be 
worth while to group them in an attempt at summarizing such available 
data as might in later experience prove fruitful. 

1. This patient did not have the usual history of any of the classical 
constitutional, congenital, or localizing cardiac lesions which commonly 
lead to congestive failure. Meroz, 9 in his clinical report of three cases 
of primary tumor of the heart, strongly emphasizes this feature. 

2. Her collapse was rapid and came without any suggestion of previ- 
ous left ventricular strain. It was her first attack of congestive failure. 

3. The right-sided heart failure, with such extreme overfilling of the 
veins and massive engorgement of the liver, without obvious, protracted 
ascites, dominated the picture. (Reference has already been made to 
the failure to secure the arm-to-tongue circulation time and a measure- 
ment of the venous pressure. ) Acute cor pulmonale existed. 

4. The lowering of the carbon-dioxide combining power of the plasma 
and the accompanying hyperpnea portray the compensatory efforts of 
the body to maintain homeostasis, or equilibrium. 

5. Despite the evident need of oxygen she was not cyanotic, but had 
that murky hue which has been called “cafe au lait. ” She was not 
anemic enough to make visible cyanosis impossible on Lundsgaard’s 
quantitative basis. Although there was an abundance of blood in the 
venous system, well oxygenated in the lungs, it was nevertheless unable 
to reach the systemic capillaries. 

6. Had this tumor been of long duration, and had there been recur- 
ring attacks of congestive failure (see Strouse’s report 1 ), the right ven- 
tricle should have been markedly hypertrophied. In that sense it might 
be well to consider right-sided heart obstruction as a whole. Blood fails 

.to empty from the great veins into the right auricle in constrictive peri- 
carditis. We have seen a large, metastatic, carcinomatous, fibrin-mixed 
plug grow into the mouth of the superior vena cava, gradually impeding 
flow from the inferior cava, as well. Theoretically, the tricuspid orifice 
could be blocked, but as an isolated phenomenon this does not occur. 
Blockage within the pulmonary arterial system (Ayerza’s disease, pul- 
monary sclerosis and hypertension, etc.) produces prolongation of the 
circulation time, but the acute venous overfilling, as seen here, is not a 


• electrocardiogram, although it shows right axis deviation, does not 

“ 5! ght T0,ltricn!ar Preponderance. If there was a tumor 

pluming the right ventricular exit, and the heart was unable to accept 
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blood from the overfilled pulmonary veins, and if the evidence by 
ordinary physical methods, roentgenographic examination, and electro- 
cardiographic tracings spoke against actual hypertrophy or thickening 
of the right ventricular wall, then it would logically be deduced that the 
tumor must be rapidly growing, and hence malignant. 

7. The murmur at the base deserves analysis. "With our patient's 
type of anemia, one of us (W. C. M.) felt that such a systolic murmur 
was neither uncommon nor determinative. In retrospect, however, the 
type of murmur, with increased venous pressure, and without any thrill, 
might well make one think of the possibility of pulmonary ostial obstruc- 
tion that was of the diffuse, rather than the abrupt, type. This con- 
clusion might be drawn from the fact that classical thrills are produced 
by obstructions which permit vibration and involve a limited opening, 
beyond which the stream enters an open space. This is exactly what 
did not obtain in this instance ; therefore, a systolic murmur, without a 
thrill, occurring in a case of diffuse obstruction, might very well sug- 
gest that the stenosis is neoplastic in origin. 

SUMMARY 

We are reporting another instance of primary malignant tumor 
producing extreme diffuse stenosis of the pulmonary artery at its 
orifice. It was a polymorphous cell sarcoma. It invaded the wall of 
the pulmonary artery to, and beyond, its right and left branches. We 
have made brief reference to some of the available literature and have 
discussed some of the symptomatology and physical findings. Such an 
analysis may be of some assistance in the attempt to make ante- 
mortem diagnoses of this disease. 
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VENTRICULAR FIBRILLATION AS A CAUSE OF SUDDEN 
DEATH IN CORONARY ARTERY THROMBOSIS* 

Report op a Case 


F. Janney Smith, M.D. 
Detroit, Mich. 


T HE dramatic occurrence of sudden death has been of intense in- 
terest for centuries. Post-mortem examinations, by different in- 
vestigators, of persons dying suddenly and unexpectedly, have shown a 
large preponderance of cardiovascular lesions. In Hamman s 1 series, 
such abnormalities were present in 91 per cent; and of sudden deaths 
from heart failure, 65 per cent were due to affections of the coronary 
arteries. It is well known that in patients with coronary artery sclerosis 
sudden death may occur in those who have, or those who have not, had 
an actual occlusion and that in the eases of nonocclusion it is more 
frequent in patients who have had anginal pain. Levy 2 has shown, in 
an analysis of cases of sudden death from coronary disease, in 1933, that 
the occurrence of coronary thrombosis in patients with coronary artery 
sclerosis triples the probability of sudden death. In our own series of 
coronary thrombosis cases, of 80 patients known to be dead, twenty 
were reported to have died suddenly. 

The cause of this abrupt termination of life in coronary artery throm- 
bosis is rarely cardiac rupture. This lesion was present in only three 
of 762 autopsy cases of coronary artery disease in Levy’s 2 series at the 
Presbyterian Hospital in New York City. The sudden fatality in the 
great majority of these patients with coronary artery disease is due to 
abrupt cessation of the heartbeat — ventricular asystole. Allbutt’s 8 
theory of an overwhelming, sudden vagus stimulation, with paralysis of 
the pacemakers, causing cardiac standstill, has very little backing at the 
present time. The presumption exists that this sudden, unexpected 
death, both in patients with angina pectoris and those with coronary 
artery occlusion, is due to fibrillation of the ventricles. This presump- 
tion has developed in medical literature since Hoffa and Ludwig 4 dem- 
onstrated, in 1850, that electrical stimulation of the mammalian heart 
led to ventricular fibrillation and death. In 1888, Me William 8 pro- 
pounded the theory of sudden death by ventricular fibrillation, a pre- 
viously unrecognized form of failure of the heart’s action in man. This 

view was fundamentally different from those entertained up to that 
time. 

The strengthening of the opinion that ventricular fibrillation is the 
most frequent cause of sudden death in coronary artery disease rests 
chiefly upon a large amount of experimental and clinical data. 


’From the Department of Medicine, Henry Ford Hospital. 
Recewed for Publication Dec. 1 , 193S. 



736 


THE AMERICAN HEART JOURNAL 


Ventricular fibrillation lias been produced experimentally in the 
hearts of mammals by means of various, electrical,,, thermal, mechanical, 
or chemical stimuli, or by the ligation of -a main branch of a coronary 
artery. The arrhythmia outlasts the stimulation, and usually persists 
until the heart dies. ■ - 

A striking similarity has been noted between the groups of symptoms 
associated with sudden death in patients with coronary disease and 
those attendant on ventricular fibrillation experimentally induced in 
animals. 5 ’ 0 Observers have noted in both instances the abrupt loss of 
consciousness, disappearance of the pulse, fall of blood pressure to zero, 
muscular relaxation occasionally preceded by brief rigidity or con- 
vulsive movements, congestion of the neck veins, pallor, cyanosis, a few 
deep or gasping respirations, dilatation of the pupils, followed by death 
of the animal or patient. 

Lewis 7 states that all forms of disordered heart action produced ex- 
perimentally are known to occur clinically; and the reason that so few 
instances of ventricular fibrillation have been recorded in man is that 
the arrhythmia is, in all but the briefest instances, incompatible with 
life. 

However, the recording of ventricular fibrillation in man has now 
been accomplished in numbers of instances, the great majority in persons 
whose death was expected and in whom the irregularity was recorded as 
a terminal development in the dying heart. 8 ' 15 

Many examples of brief, transitory episodes of ventricular fibrillation 
have been recorded, as in the stage of ventricular standstill of Stokes- 
Adams seizures, 16 ' 23 in the course of treating auricular fibrillation 10 ’ 24 
with quinidin, or following carotid sinus pressure in a patient with 
auricular fibrillation. 20 Dock 20 has stated that in man ventricular 
fibrillation establishes and maintains itself with difficulty. 

Both von Hoesslin 13 and Penati 27 have recorded instances of ventric- 
ular fibrillation resulting in the sudden death of patients suffering from 
cardiac failure due to rheumatic heart disease; in both cases death fol- 
lowed an intravenous injection of strophanthin. 

Published instances, however, of electrocardiographically recorded 
ventricular fibrillation causing sudden death in patients with known 
coronary disease are very few in number. 

Hamilton and Robertson, 28 in 1933, obtained an electrocardiogram 
showing ventricular fibrillation in a patient during a fatal attack of 
angina pectoris. Autopsy showed sclerosis of both coronary arteries, 
but no occlusion or myocardial infarction. Meyer 29 took an electro- 
cardiogram during a fatal attack of ventricular fibrillation in a patient 
who had previously had bundle branch block and evidence of myocardial 
disease. Caiandre and Martin-Rodriguez, 30 and also M. Vela, 31 secured 
an electrocardiogram showing ventricular fibrillation on a patient dur- 
ing a fatal attack of angina pectoris. No autopsy was done in either 
instance. 
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In order to add to the meager electrocardiographic data at the time 
of sudden cardiac death, we are reporting the following case, which is 
an instance of ventricular fibrillation and sudden death within the first 
few hours following coronary artery thrombosis. No other electro- 
cardiographic record of ventricular fibrillation occurring during the 
period of active myocardial infarction following coronary artery throm- 
bosis has been found in a review of the literature. 

REPORT OF CASE 

H. T. E., a man 40 years of age, a university instructor in an eastern ■ city, 
had for three weeks been having frequent attacks of substernal pain on effort, 
accompanied by a numb sensation in his left arm. The attacks averaged about 5 
to 10 minutes in duration and had been promptly relieved by nitroglycerine. He 
had been advised to drop his work and come to Detroit, where he had relatives, 
for a rest. On Dec. 14, 1937, at 7:00 a.m., he developed a continuous, heavy, sub- 
sternal pain, which was not relieved by the usual dose of 1/150 grain of nitro- 
glycerine. At 4:00 p.Jvr., nine hours later, the pain continuing, he arrived at the hos- 
pital heart station, having just taken another tablet of nitroglycerine without relief. 
He was obviously ill. His face was pale and his forehead covered with beads of 
perspiration. The history quite clearly was that of coronary artery occlusion of nine 
hours ’ duration, and it was thought best to have him admitted to the hospital without 
taking time for physical examination, but since the electrocardiographic instrument 
was readily accessible, a tracing was made (Pig. 1). 



in/ branch ^f eC thp C fpf d t i0 | ;,am made , nine hours after occlusion of the anterior descend- 
ventricular flbriUation. coronary artery - and five minutes before the development of 


ns electrocardiogram shows normal sinus rhythm, left ventricular preponderance, 

the vt£ aS1C T a I eS “ Lead 1 and Lead 1V - Lead IV in this cas e was taken with 
posteriorly Tm deCtr0de at the cardiac a P ex and the left arm electrode on the chest 

mond/Ti aS I’" 5 . traCing had been c °mpleted the patient was given % grain of 
morphine hypodermically. About three minutes later, while wafting for a wleel 
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chair to take him to liis hospital room, he abruptly lost consciousness and gave a 
few irregular, clonic, convulsive movements. His pulse could not be palpated. 
Breathing was deep, irregular, and stertorous. The face was alternately pale, 
cyanotic, and congested. The pulsations in the neck were absent and the vessels 
became engorged. No heart sounds could be heard. The electrocardiographic 
electrodes were immediately reconnected, as soon as convulsive movements ceased, 
and while respiration was still occurring irregularly another electrocardiogram con- 
sisting of the standard three leads was recorded. At this time, very rapid, wide, 
diphasic oscillations of the string shadow were seen. During this recording respira- 
tions ceased except for an occasional gasp. The tracing taken at this time shows 
large, diphasic complexes of irregular height and frequency, occurring at a rate of 
360, or more, per minute. The appearance of the tracing corresponds in every way to 
that of the previously published records of ventricular fibrillation in man and 
animals. In spite of the use of artificial respiration and the intracardiac injec- 
tion of epinephrine, the patient was to all appearances dead following the com- 
pletion of this tracing. 



F13. 2. — Electrocardiograms made immediately following- a generalized convulsion. 
The first three tracings consist of the standard three leads and were made consecu- 
tively. The fourth and fifth are Lead I and were made at two-minute intervals. 

About two minutes later another tracing was made from Lead I, and this was 
again repeated in two minutes (Fig. 2). Tracings were not continued beyond 
this point, so that we are not able to state how long the string movements con- 
tinued. In the later tracings the amplitude of the oscillations was seen to be 
much smaller. 

The autopsy was done by Dr. Penny. The cardiac findings alone were of in- 
terest. The myocardium of the left ventricle was softened over an area about 
3.5 cm. in diameter, on the anterolateral surface, about 2.5 cm. above the tip. 
In this area, on section, the myocardium was mottled yellow in color. Elsewhere 
the myocardium of the left ventricle cut with increased resistance. Its wall 
averaged 1.3 cm. in thickness, and that of the right 0.7 cm. The coronary ostia 
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\vere patent, and tlie proximal aorta showed a few punctate atheromata. The 
anterior descending branch of the left coronary artery was extensively thick- 
ened and, in places, calcified from a point 1.5 cm. from the ostium to a point 3.0 
cm. from the tip of the ventricle. At the proximal point of the thickening 
there was marked stenosis, and a small recent thrombus apparently completely 
occluded the lumen. The remainder of the artery was patent, but definitely 
stenosed and thickened. The left circumflex artery was also thickened and ste- 
nosed. The right coronary artery was dissected throughout and was markedly 
thickened by atheromatous plaques, but the lumen appeared adequate. The 
weight of the dissected heart was 390 grams. 

Microscopic examination of the infareted area in the left ventricle showed 
an early polymorphonuclear infiltration about the muscle fibers and slight haziness 
of their outlines, while a large amount of fibrosis was apparent in some areas 
(Fig. 3). Section through the thrombosed coronary artery showed marked thick- 
ening of the wall and an atheromatous node almost obliterating the vessel, leaving 
a tinj' crescentic lumen to be plugged by the fresh thrombus. 



- v. ‘ k-." 


COMMENT 

oUptfmUvho l?"®*** 0 ? coi,ldd<!cl with «><= sudden death 

oi the lef a ttr0m1,osls 01 ti,e unterior descending branch 

"o t ts r ,: nd r in “ ■£ 

is tiue that we were not fortunate enough 
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to record the transition from normal sinus rhythm to ventricular fibrilla- 
tion, and hence are unable to state whether or not ventricular tachy- 
cardia or a period of cardiac standstill preceded this. 

The first electrocardiogram, taken five minutes before death, deserves 
comment in that it showed no definite evidence of myocardial infarction, 
although, judging from the history, this had begun nine hours earlier, 
and autopsy disclosed that early infarctive alterations had definitely 
occurred. But, whereas with a sizable area of myocardial infarction 
characteristic electrocardiographic changes usually develop within the 
first few hours, it has occasionally happened that significant alterations 
did not appear until the following day. 

In reviewing the treatment of the ventricular fibrillation in our pa- 
tient and the other five with angina pectoris or coronary sclerosis it is 
apparent that it was entirely futile. In all but one patient adrenaline 
was injected into the heart, and, in two, cardiac massage was attempted. 

The physiologists 32 and cardiac surgeons 33 ’ 34 have made considerable 
strides in arresting experimentally produced ventricular fibrillation in 
animals by means of electric counter shock in combination with cardiac 
massage and the combined use of procaine hydrochloride, adrenaline, 
and calcium intravenously. Their work has been carried out, for the 
most part, on animals whose hearts were exposed by surgical incision. 

The probability of being able to revive a patient with coronary oc- 
clusion from ventricular fibrillation by such means seems extremely 
remote. 

SUMMARY 

A ease of coronary artery thrombosis is reported in which ventricular 
fibrillation, electrocardiographically recorded, caused sudden death. 
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A SYNDROME OF EXOPHTHALMIC GOITER, ACUTE 
RHEUMATIC CARDITIS, AND HEART BLOCK* 

Chauncey C. Maher, M.D., Alexander Sanders, M.D., Samuel G. 
Plice, M.D., and Paul IT. Wosika, M.D. 

Chicago, III. 

I N 1825, Parry 1 originally described a series of six eases of exophthalmic 
goiter. Rheumatic fever preceded the goitrous enlargement in one 
patient, and organic heart disease was present in two others. Basedow 2 
(1840) described four cases of exophthalmic goiter; three of the patients 
had previously had rheumatic fever and valvular disease. Numerous 
reports have been made on the combination of exophthalmic goiter and 
rheumatic fever, notably, by Markham 3 (1S5S), Gamier'* (1S99), 
Froment 3 (1906), Bouchut 6 (1906), Coudray 7 (1909), McCarrison* 
(1917), Cabot 0 (1929), and others. 

Chronic rheumatic valvular disease is considered an occasional com- 
plication in exophthalmic goiter by White 10 (1937). Vet Vincent 1 ' 
(1906) reported that of 156 cases of acute rheumatic fever, hyper- 
thyroidism was a complication in 86. Conversely, Maher and Sit tier 12 
(1936) reported 180 cases of thyrotoxicosis, in 23.3 per cent of which 
rheumatic valvular involvement was present. 

The occurrence of heart block and exophthalmic goiter has been 
reported frequently, among others, by Merklen 13 (1882), Lewis 14 (1913), 
Reilingh 13 (1915), Dameshek 10 (1924), Goodall and Rogers 17 (1927), 
Simon 18 (1927), Easton 10 (1930), Cameron and ITill 20 (1932), Wedd 2 ' 
(1932), Davis and Smith 22 (1933), Carey 23 (1934), Ivremer and La- 
place 24 (1936), and Steuer 25 (1936). 

A review of these reports shows a variation in opinion regarding the 
relationship of the heart block and the hyperthyroidism. Certain au- 
thors have suggested that the hyperthyroidism caused the block, but in 
cases in which autopsies were performed organic inflammatory lesions 
usually were found. 

The authors have observed a number of patients with typical exoph- 
thalmic goiter associated with acute carditis. Of this group, four 
whose records are complete will be reported in detail. The patients were 
observed during thyroidectomy and from six months to four years there- 
after. 

report op cases 

Case 1. — E. S. was a 20-year-old, white, unmarried, shipping clerk. His family 
history was recorded as negative for goiter, rheumatism, and heart disease. As a 
child, he frequently developed sore throats, so that tonsillectomy and adenoidectomv 
were performed at 11 years of age. At 14 years of age, acute rheumatic fever 
developed. At IS, he was subjected to a resection of the nasal septum. 

s From the Department of Medicine, Cook County Hospital, Chicago, 111. 

Received for publication Dec. 7, 193 S. 
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Examination of the patient in the Cook County Hospital revealed the typical 
findings of exophthalmic goiter, with a basal metabolic rate of plus 50 to plus 55 
per cent. The cardiac findings were characteristic of mitral stenosis and insuf- 
ficiency. . 

The first electrocardiogram showed a prolonged P-R interval with fusion or the 

P and T waves. Serial electrocardiograms taken during the following weeks 
showed various types of block, including Wenckebach periods, occasional dropped 
beats, 2:1 ratio, and complete auriculoventrieular block. The temperature tended 
to' be slightly elevated, ranging from 98° F. to 100° F., and there was a leuco- 
cytosis which did not exceed 14,200. He complained occasionally of sore throat and 
had a few nosebleeds. There was mild joint distress, but no objective manifestations 
of arthritis were present. 

The administration of iodides was effective in lowering the basal metabolic rate 
to plus 17 per cent, and subtotal thyroidectomy was accomplished without incident. 

Examination three weeks after operation showed no change in the murmurs, and 
no difference in the size and shape of the heart roentgenographically; the electro- 
cardiogram showed a normal P-R interval. The basal metabolic rate was normal. 
The patient returned to work and three years later showed no evidence of hyper- 
thyroidism, but the same valvular defects persisted. 





lig-. 1. Electrocardiogram in Case 1 (E. S.), from a sevies showing partial auricu- 
Ioventricular heart block With prolonged P-R Interval. 

Case 2. J. P. was an unmarried, white laborer. His family history was recorded 
as negative for goiter, rheumatism, and heart disease. At 15 years of age, he de- 
' eloped vague backaches which lasted for a period of two months. On entrance into 
the Cook County Hospital lie presented the typical findings of exophthalmic goiter, 
"ith a basal metabolic rate of plus 35 per cent. He was suspected of having aortic 
valvulitis because of an aortic systolic murmur. 

Soon after admission the patient developed acute pharyngitis, with a rise of 
emperature to 103° F., a leucocytosis of 12,000, and marked prostration. Joint 
manifestations were mild. Serial electrocardiograms showed a variable prolongation 
ot the P-R interval, dropped beats, and complete A-V block. The variable heart 
J ot - persisted throughout a two-montli period and never was discovered again 
>°ugh frequent _ electrocardiograms were taken. The basal metabolic rate rose 
Tvf - 3 ° . pluS . S ° per cent > and reill ained above plus 05 per cent for several months.- 
annenLl defimte find ™gs of aortic stenosis, and, later, mitral stenosis, 

’ V>1 1 increape in wze of the heart and change in its shape in the roent-; 
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genogram. In this same period, rest in bed, sedatives, large and small doses of 
Lugol’s solution, and roentgenotherapy failed to reduce his basal metabolism sub- 
stantially or improve his condition generally. Finally, hemitliyroideetomy was per- 
formed, and, later, the remainder of the gland was removed. 

This patient was followed for a period of three years after thyroidectomy. The 
metabolic level remained normal. He still presented the findings of mitral and 
aortic valvular disease. 



Fig. 2. — Electrocardiogram in Case 2 (J. P.), from a series showing partial auricu- 
loventricular heart block with Wenckebach periods. 



Fig. 3 . — Electrocardiogram in Case 2 (J. P.) r from a series showing complete auricu- 

loventricular heart block. 


Case 3. — A. M. was a white, unmarried cook, 22 years of age. His family his- 
tory was significant from the standpoint of rheumatism, as two sisters had had 
rheumatic fever and one of them had succumbed to rheumatic heart disease. When 
4 years old the patient developed acute rheumatic fever, after frequent attacks of 
acute upper respiratory infections. When he was 7 years old a tonsillectomy was 
performed. On entrance to the Cook County Hospital he presented the typical 
picture of exophthalmic goiter, with a basal metabolic rate of plus 30 per cent. He 
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had mitral stenosis and insufficiency. One electrocardiogram showed a P-R inter- 
val of 0.28 sec. After the administration of iodides his basal metabolic rate dropped 
to plus 14 per cent, and subtotal thyroidectomy was performed. 

This patient was readmitted to the hospital on our service two years later. 
At this time he showed no clinical evidence of hyperthyroidism, and had a basal 
metabolic rate of plus 4 per cent. He showed the characteristic findings of mitral 
stenosis. The electrocardiogram showed prolongation of the P-R interval with occa- 
sional dropped beats. Frequent electrocardiograms showed that the degree of block 
was variable and the P-R interval occasionally normal. 

Four years afterward, the patient was observed when he contracted a primary 
syphilitic lesion followed by a secondary rash. The cardiac findings were those of 
mitral stenosis and insufficiency, with prolongation of the P-R interval and occa- 
sional dropped beats. 
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Fifr. 4. — Electrocardiogram in Case 3 (A. M.), from a series showing partial auricu- 
loventricular heart block with prolonged P-R intervals and dropped beats. 

Case 4. — L. P. was a white, unmarried waiter, 28 years of age. His family 
history was negative for goiter, rheumatic fever, and heart disease. When 19 years 
old he contracted typhoid fever. He developed acute rheumatic fever when he was 
21. On entrance into the Cook County Hospital he presented the typical picture 
of exophthalmic goiter (basal metabolic rate, plus 55 per cent). The cardiac find- 
ings were characteristic of mitral stenosis. On admission the patient had pharyngitis, 
with prostration and vague joint distress, but no redness or swelling of the joints. 
Tlie temperature range was from 98.2° F. to 101.4° F. The pulse rate was 100 to 
140 pei minute. The leucocyte count was 23,200. Electrocardiograms showed a 
first degree block (P-R interval, 0.24 sec.) which persisted for two weeks. After one 
month of iodine therapy, the basal metabolic rate was lowered to plus 16 per cent 
and thyroidectomy was performed. 

Tins patient was followed for a period of one month after thyroidectomy. The 
basal metabolic rate remained normal. He still presented the findings of valvular 
heart disease. 

DISCUSSION 

In reviewing the literature one is able to find a number of case re- 
ports of heart block as a complication of hyperthyroidism. The ma- 
jority of opinions appear to be against considering the thyroid intox- 
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ication as a causative factor in the production of the block. Infection 
has been suggested frequently as a probable cause and has been found 
in some cases at autopsy. Further review shows that rheumatic heart 
disease may also complicate hyperthyroidism. The possibility, however, 
that the heart block complicating hyperthyroidism may be due to acute 
rheumatic carditis has not been proved, although it is recognized that 
one of the most common causes of transient heart block (excluding 
digitalis) is acute rheumatic infection. The patients in this report 
illustrate this relationship. 

All of these patients presented the classical picture of exophthalmic 
goiter. The}- had exophthalmos, diffusely enlarged thyroid glands 
with an audible bruit, tremor of the hands, and emotional instability. 
In all of them the basal metabolic rates were elevated, abnormally. 
After thyroidectomy the symptoms of hyperthyroidism subsided, and 
the basal metabolic rates returned to normal and remained so. 

They all presented evidence of valvular heart disease, three with 
mitral lesions and one with aortic and mitral involvement. The best 
evidence for active cardiac infection was the actual development of 
valvular disease in Case 2. Other evidence was the occurrence of sore 
throats, leucocytosis, slight fever, and joint pains. 

The occurrence of heart block, when correlated with the complete 
clinical picture, constitutes further evidence of active rheumatic carditis. 
None of these patients received digitalis in any form. The actual ex- 
planation of the sequence of events depends upon an analysis of many 
cases of many types, each contributing corroborating evidence. 

It would appear that hyperthyroidism may develop at any time in 
the course of a rheumatic cardiac syndrome. In Cases 1 and 4, in 
which there had been a childhood rheumatic infection, the onset of 
hyperthyroidism appeared to coincide with an exacerbation of the 
rheumatic carditis. In Case 2 the rheumatic and hyperthyroid syn- 
dromes seemed to have begun at about the same time. In other pa- 
tients not included in this series, hyperthyroidism developed long after 
the acute rheumatic carditis subsided. 

The heart block appears to be dependent upon the rheumatic infec- 
tion and unrelated to the hyperthyroidism. Thus, in Case 2, the block 
disappeared two months after the onset of the pharyngitis and never 
reappeared, even though the hyperthyroidism persisted six months 
longer. In Case 3, block was present before operation during active 
hyperthyroidism and was known to have persisted four years after op- 
eration in varying degrees, presumably changing with the rheumatic 
state. In Case 4, the heart block stopped before thyroidectomy was 
performed, and in Case 1 the block disappeared after the operation. 
The absence of correlation between the cessation of the block and the 
termination of the liyperthyroid state would seem to sustain the con- 
tention that the heart block is not caused by the hyperthyroidism. The 
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course and variability of the heart block are similar in rheumatic 
carditis without the complicating element of hyperthyroidism. It may 
well be reiterated that the diagnosis of the heart block can be made 
definite only by electrocardiographic examination. Routine stethoscopic 
examinations will seldom disclose minor degrees of block. It has been 
found that serial electrocardiograms are necessary to detect this com- 
plication. 

Observation of these patients over a long period permits the conclusion 
that the hyperthyroidism is a transient episode in the course of rheu- 
matic heart disease, with heart block as a complication at that particular 
time. It would appear that infections, particularly of the rheumatic 
type, exert an unfavorable influence upon the hyperthyroidism. Ap- 
parently, however, the hyperthyroid state does not appreciably aggra- 
vate the cardiac infection. The temperature curves were comparatively 
low. The general condition was better than might be expected in the 
average rheumatic patient. In the four patients reported the man- 
ifestations of the disease in the joints were mild. In other patients, 
marked swelling and redness of the joints have been observed, and two 
patients have developed erythema nodosum. 


SUMMARY 


1. Four cases of exophthalmic goiter, acute rheumatic carditis, and 
heart block have been observed and reported. 

2. It would appear that the hyperthyroidism is an episode in the 
course of the rheumatic heart disease, with heart block as an incidental 
complication. 

3. Active infection of the rheumatic type seems to increase the se- 
verity of the hyperthyroidism. 

4. The hyperthyroidism, conversely, apparently enables the patient 
to withstand the rheumatic infection better. 

5. In exophthalmic goiter, heart block as a manifestation of acute 
carditis will be found more frequently if serial electrocardiograms are 
taken. 
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In Memoriam 


Louis Gross 
1895-1937 

Louis Gross was born in Montreal, Canada, on May 5, 1895. He 
entered the Medical School of McGill University in September, 1911, 
after graduation from the Montreal High School. During the course 
in medicine he won honors for extracurricular studies and led his class 
in the aggregate for the five years, for which he received the Holmes 
Gold Medal, the highest honor which can be won by an undergraduate 
in medicine at McGill University. 



Louis Gross 


He decided at once upon an academic career, with research as the main 
object. As Douglas Fellow in Pathology, he spent the next five years in 
the Department of Pathology at the Medical School of McGill Univer- 
sity, under the direction of Professor Horst Oertel. The major part 
of his time was devoted to research on the circulation of kidneys and 
heart. The monograph which he published in 1921 on the Blood Supply 
to the Heart is a classic, and will remain always as a monument to the 
industry and unusual ability of this remarkable young man. 

Versatility was an outstanding characteristic of Louis Gross, and 
even in this respect he was unusual, because he excelled in everything 
he undertook to learn or do. As a musician and artist he was superior 
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to the average amateur and would have been successful as a professional 
had he chosen either of these fields as a career. His ingenuity and 
natural inventive ability helped him greatly in his later work. He was 
given a scholarship to induce him to continue his study of sculpture 
abroad, but it did not tempt him to abandon medicine. He did go 
abroad, but to do medical research and to broaden his basic knowledge 
of medicine. Prom 1921 to 1923, he was in London, England, first with 
Sir Arthur Keith, at the Royal College of Surgeons, and then, as a 
Beit Memorial Fellow, at University College, where he completed a 
valuable study on the effect of vitamin B, deficiency on the movements 
of the rat’s intestine in vivo and in vitro. To acquire more knowledge 
of bacteriology, he spent the next year in the research department of 
the Board of Health under the direction of Dr. William H. Parke. After 
a short period as Director of Laboratories at the Brownsville and East 
New York Hospital, he became, in 1925, Associate Pathologist at Mount 
Sinai Hospital, in New York. In 192S, at the age of thirty-two years, 
he was appointed Director of Laboratories at Mount Sinai Hospital, in 
New York, with which institution he remained associated, in this posi- 
tion, until his death. 

Although his administrative duties were heavy, yet he managed to 
find time almost every day for the pursuit of his own researches. Until 
about three years before his death, his work involved mainly the applica- 
tion of his knowledge of morbid morphology and of bacteriology. His 
contributions to our knowledge of rheumatic heart disease and coronary 
disease will remain permanent milestones in the history of these sub- 
jects. In recent years he began to apply experimental methods to his 
study of myocardial disease and of diseases of the circulatory system in 
general. His remarkable ingenuity asserted itself, and at once his work 
bore fruit. In 1937 he received medals from the American Medical 
Association and from the Canadian Medical Association when he demon- 
strated the results of what he considered only preliminary studies. 
Contributions of the greatest value to this field of medicine were un- 
doubtedly prevented by his tragic and untimely death on Oct. 17, 1937. 
He was an outstanding student, an honest, careful, critical investigator, 
a great teacher, and a stimulating, brilliant lecturer. 

I realize that no one who has read so far and who did not know Louis 
Gross can possibly have a proper conception of this extraordinary person. 
Although much absorbed in his own work, yet he was greatly interested 
in young men who were planning a career in medicine, particularly in 
research, and he played a most important part in the life of many young 
doctors. In his laboratory he made room for many young men to do 
part-time research, always a great burden to the administrator of a 
large department. He was sternly critical of the results obtained by 
these men, and did not permit publication of any study which, in his 
opinion, would not stand the test of time. The high quality of the 
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publications which appeared during his tenure of office is directly at- 
tributable to him. Above all else he was a warm-hearted, devoted, sincere 
friend to all whom he considered worthy of his friendship. 

His associates and collaborators learned much from him and greatly 
enjoyed working with him. His aim was always the truth and not the 
credit. The matter of credit, especially for himself, was always of 
secondary importance to credit to the Institution and to his associates. 
The smallest contribution to a study by a part-time worker was always 
given full and frequently disproportionate recognition. He Avas an in- 
defatigable worker, derived much pleasure from his work, and had such 
a buoyant, cheerful disposition that to collaborate Avith him Avas an en- 
joyable experience. He gave freely and generously of himself to those 
Avliom he trusted, admired, and loA-ed, and he left behind him a host of 
dear friends aaTlo mourn his loss and in Avhose memory he aauII remain 
until their OAvn death. 


Harry Goldblatt. 



Department of Reviews and Abstracts 


Selected Abstracts 


Grossman, Edward B., and Williams, John R.: Relation of Age to Renal Pressor 
Substance. Arcli. Int. Med. 62: 799, 1938. 

Injection of extracts containing renal pressor substance (renin) into rats of 
various ages showed the least rise in blood pressure in the youngest rats and the 
greatest rise in the oldest. On the other hand, the youngest rats had the most 
pressor substance in their own hidncvs, and the oldest Tats had the least. 

The experiments suggest a possible relation between the increased sensitivity 
of senile rats to renal pressor substance and the tendency of elderly persons to 
show hypertension. However, it is concluded that no convincing evidence of such 
a relation exists at present. 

Haide. 

Patherree, Thomas J., and Allen, Edgar V.: Sympathetic Vasodilator Pihexs in the 
Upper and Lower Extremities: Observations Concerning the Mechanism of In- 
direct Vasodilatation Induced by Heat. Arch. Int. Med. 62: 10.15, 193S. 

The mechanism of indirect vasodilatation was investigated, and experiments 
were carried out to determine the presence of sympathetic vasodilator nerves in 
the upper and lower extremities of man. 

It was shown that indirect vasodilatation induced by warming an extremity 
depends on the return of the blood from the warmed extremity to the general cir- 
culation. It was shown further that the occurrence of indirect vasodilatation in 
a digit depends on the integrity of its sympathetic nerve supply. 

Evidence was obtained in favor of the view that there are sympathetic vaso- 
dilator nerves in the upper and lower extremities in man. 

Authors. 

Boylston, G. A., McEwen, E. G., and Ivy, A. C.: A Pressor Substance Is Hot 
Present in the Perfusate of Ischemic Kidneys. Proc. Soc. Exper. Biol, and 
Med. 39: 559, 1938. 

Experiments have been carried out to determine whether or not the perfusate 
of ischemic kidneys of hypertensive dogs contains a pressor substance in sig- 
nificant amounts. Hypertension was produced in dogs by unilateral constriction 
of the renal artery and explanting the kidney into the flank. In one group of 
dogs after four days the explanted kidney was removed and perfused with warm 
Locke 's solution for from twenty to' sixty minutes. Dogs were used as assay ani- 
mals. The perfusate was injected into the femoral vein of the anesthetized assay 
animals and systolic and diastolic blood pressures were determined in the un- 
anesthetized state with the Hamilton recording optical manometer. In a second 
group of dogs, the same procedure was carried out after frank hypertension had 
persisted for at least three months. From these experiments there was no evi- 
dence of a pressor substance in significant amounts from the ischemic kidneys of 
the hypertensive dogs. 


Hines. 
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Pickering, G. W., and Prinzmetal, M.: Experimental Hypertension of Renal Origin 
in the Rabbit. Clin. Sc. 3: 357, 193S. 

A simple method is described of making clamps of known size suitable for con- 
stricting the renal artery in the rabbit. 

In the rabbit, constriction of one renal artery, the other kidney being intact, is 
sometimes followed by a small and transient rise of blood pressure, and usually by 
atrophy of the ischemic kidney. 

Constriction, by suitable clamps, of both renal arteries or of the renal artery to 
the only functioning kidney is followed by a slow rise of arterial pressure to a 
level which may be nearly double the preoperative value. In such animals with 
hypertension, the heart is hypertrophied and the degree of hypertrophy seems to 
be related, though not closely, to the degree of hypertension. 

Authors. 

Zeus, L.: Experimental Influences of Thyrotropic Hormone on the Heart. Arch, 
f. Kreislauf. 4: 49, 1939. 

The author demonstrated a dilatation of the heart, especially the right, follow- 
ing tli 3 r rotropic hormone administration. This occurred in four rabbits following 
daily injection of 200 ME. Histologically, the changes resembled those seen with 
thyroxin. These consisted of an increase in connective tissue, histiocytic cell 
infiltration, and cloudy swelling and fatty degeneration, especially in the right 
ventricle. This dilatation is followed after some days by hypertrophy. The hyper- 
trophy is predominantly in the right ventricle. 

Katz. 

Hollmann, W., and Guckes, E.: The Triogram and Its Clinical Significance. Arch, 
f. Ivreislauf. 4: 69, 1939. 

A systematic description is given of the stereotriogram and triogram in various 
clinical conditions such as axis shift, preponderant hypertrophy, extrasystoles, and 
intraventricular block. The practical value of this method demands more intensive 
study. 

Katz. 

Muller, A.: The Mechanics of Plowing Streams With Comments on Hemo- 
dynamics. II. Flow in Tubes. Part I. Reynolds’ or Turbulent Plow. Arch, 
f. Kreislauf. 4: 105, 1939. 

This is an excellent detailed mathematical treatment of the subject, including 
investigations by the author. The author demonstrates that the pressure gradient 
in turbulent flow is about three times as great as with laminary nonturbulent 
flow. The profile of velocity across the cross section of a tube is the same in 
turbulent as in nonturbulent flow. Other details cannot be briefly abstracted 
but require examination of the original article. 

Katz. 

Maegraith, 33. G., and Carleton, H. M.: Aortic Arteriosclerosis in Rabbits. J. 
Path, and Bact. 48: 33, 1939. 

Forty -five of 144 rabbits examined exhibited macroscopic changes in the aorta. 
These animals had been used for many different kinds of experiments, some of 
which were designed to raise the systemic blood pressure. Thirty-eight animals 
had heightened arterial pressure and of these, fourteen exhibited arteriosclerosis. 
This incidence of arterial lesions is of the same order as that found in the other 
animals examined, namely thirty-one out of 10G. 
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The ivpe of lesion observed is essentially medial and resembles the changes 
described by certain authors resulting from excision of the carotid sinuses, the 
injection of adrenalin. 

From these observations it would seem that the rabbit is unsuitable for ex- 
perimental work on the production of arterial disease. The high incidence of 
aortic lesions in our rabbits suggests, however, that the rabbit community might, 
be useful for the investigation of the origin of spontaneous arteriosclerosis. 

Authors. 

Essex, Hiram E., Herrick, J. F., Baldcs, Edward J., and Mann, Frank C.: In- 
fluence of Exercise on Blood Pressure, Pulse Rate and Coronary Blood Flow 

of the Dog. Am. .T. Physiol. 125: (514, VX\9. 

A series of experiments has been done on control dogs and dogs in which 
thermostromuhr units had been previously applied to the coronary arteries in an 
effort to determine the effect of exercise on the pulse rate, blood pressure, and 
coronary blood flow. Each animal had been accustomed to perform work at 
different rates on a treadmill. 

Preliminary experiments demonstrated that the presence of the coronary 
thermostromuhr unit had no significant effect on the electrocardiograms or blood 
pressure of the animals studied. 

Successive increases in the rate of work produced additional rises in blood 
pressure which were roughly proportional to the rate of work for the individual 
animals in both the control and experimental groups. As a given rate of work 
continued, the behavior of the blood pressure varied from animal to animal. In 
certain experiments the blood pressure reached a maximal level early and declined; 
in some it remained near the maximum; while in others it continued to augment 
throughout the period of exercise. 

The pulse rate of the dog is a less reliable index of the rate of work than the 
blood pressure. The maximal pulse rate with low rates of work may be as great 
initially as with higher rates of work. 

Simultaneous records of pulse rate, blood pressure, and coronary blood flow were 
made during exercise. The marked increases and decreases of coronary blood flow 
observed with various increments and decrements of work could not be satis- 
factorily accounted for by changes in blood pressure alone. The change in pulse rate 
with exercise was usually a better criterion than the blood pressure of changes in 
coronary blood flow. The evidence indicates other influences as important as blood 
pressure in augmenting coronary blood flow when a trained dog is given successive 
increments in the rate of work. 

Authors. 


Chen, K. K., Robbins, E. Brown, and Worth, Harold: The Significance of Sugar 

Component in the Molecule of Cardiac Glycosides. ,T. Am. Phnrin. A. 27: ISO, 

19RS. 

The potency of five cardiac aglyeones — strophanthidin, digoxigonin, digitoxigenin, 
calotropagenin and seillnridin A — -has been carefully determined. 

Eaeli aglycone is less powerful on the heart than its parent glycoside, more pro- 
nounced in frogs than in cats. If the aglycone undergoes chemical changes during 
hydrolysis, as in the case of seillnridin A and calotropagenin, tire cardiac action 
is reduced much further. 

The emetic action of strophanthidin, digoxigenin, and digitoxigenin, on the 
other hand, is greater than that of cymarin, digoxin, and digitoxin, respectively, 
molecule for molecule. When the structure of the aglycone is modified during 
hydrolysis, such as calotropagenin, the emetic action is diminished, but not to the 
same extent as the cardiac action. 
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The persistence of action among- the aglj’cones is slight:; that is, they are all 
rapidly eliminated from the circulation. This is particularly true with digitoxigenin 
in contrast with digitoxin. 

Digitoxigenin caused a brief initial stimulation as manifested by convulsions, 
followed by marked depression of the central nervous system in cats and frogs. 
Digitoxin has no such action in corresponding doses. 

Authors. 

Kienle, F.: Clinical and Electrocardiographic Observations on Traumatic Posterior 

Wall Infarct. Ztschr. f. Kreislaufforseli. 30: 674, 1938. 

An injured skier came to the clinic with severe cardiac insufficiency, and 
clinical evidence supported bj' the roentgen and electrocardiographic examination 
indicated myocardial infarction. 

Katz. 

Staemmler, M.: Does a Primary Hypertension of the Lesser Circuit Exist? (So- 

Called Primary Pulmonary Sclerosis.) Arch. f. Kreislaufforseli. 3: 125, 1938. 

The various anatomic forms of primary pulmonary sclerosis are considered to be 
the result of a primary hypertension of the arterioles of the pulmonary circulation. 
The first change is hypertrophy of the media of the arterioles and elastica of the 
medium sized arteries. The other anatomic changes are secondary. 

Katz. 

Kunkel, Paul, Stead, Eugene A., Jr., and Weiss, Soma: Blood Flow and Vasomotor 

Reactions in the Hand, Forearm, Foot, and Calf in Response to Physical and 

Chemical Stimuli. J. Clin. Investigation 18: 225, 1939. 

Following strong sensory stimuli, such as pinching the skin until pain is caused, 
or a sudden, loud noise, the forearm and calf respond in three ways: (1) by a 
decrease in volume after a latent period of from 3 to 9 seconds; (2) by an in- 
crease in volume after a latent period usually not exceeding 2 seconds; (3) by a 
biphasic response with first an increase in volume with a short latent period usually 
not exceeding 2 seconds, and subsequently a decrease in volume. 

Reasons are stated for the belief that the decrease in volume is the result of active 
reflex vasoconstriction, while the increase in volume is the result of a transient in- 
crease in cardiac output and a passive distention of the vascular bed. 

The sensitivity of vasomotor responses varies considerably in different persons. 
Variations in the same individual have been observed from time to time. 

The vessels of the upper part of the body are more sensitive to physical, chemical, 
and nervous stimuli than those of the lower part of the body. 

The blood flow induced by local heat of 43° C. is greater in the hand and foot than 
in the forearm and calf even when the mass of muscle present in the forearm and calf 
is disregarded and when the blood flow is recorded as cubic centimeters per minute 
per 100 sq. cm. of surface area. 

Local heat of 43° C. produces nearly complete vasodilatation in the skin, but only 
relatively slight vasodilatation in the underlying muscles. 

Exercise is a very effective stimulus for producing- vasodilatation in the muscles 
but not in the skin. The ability of the muscle vessels to dilate in response to exer- 
cise is not appreciably influenced by varying the external temperature between 39 ° 
and 43° C. 

Pitressin, 1 c.c. intramuscularly, causes as great a decrease in blood flow in the 
hand and the foot at 43° C. as does epinephrine. At 43° C. it causes a moderate de- 
crease in flow in the forearm and calf. 

Neither epinephrine nor pitressin interferes with the dilatation of the muscle 
vessels in response to exercise or arterial oeclusion. 
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The observation of Grant and Pearson, 'that unless the circulation to the hand is 
completely obstructed the plethysmographic method of measuring blood flow to the 
forearm is not accurate under all conditions, has been confirmed. 

Authors. 

Hermann, G.: Changes in S-T and T Configuration in the Course of the Day. 

Arch. f. Kreislaufforsch. 3: 209, 1938. 

Diurnal variation in the S-T segment and the T wave occurred in twenty out of 
forty-seven patients with hypertension, coronary sclerosis, and angina pectoris. These 
patients were examined, and it was found that these variations repeat themselves on 
successive days. The author concludes that these daily variations are a sign of a 
better outlook than tlieir absence. 

Katz. 

Freund, Hugo A., and Skokolov, Raymond: Bundle Branch Block. Arch. Int. 

Med. 63: 318, 1939. 

The entire series of electrocardiograms taken at Harper Hospital over a ten-year 
period were reviewed. Two hundred and ten cases of bundle branch block and 
intraventricular block were found. In 179 eases (85.2 per cent) the subsequent 
course was studied; in the remainder of the cases the patient could not be followed. 
Using Wilson J s criteria for the diagnosis of right bundle branch block, we were 
able to confirm his observation that that condition is .more frequent than was 
previously supposed. The ratio of males to females in our series was 3 to 2. The 
largest number of cases occurred in patients in the sixth and seventh decades. 
About three-fourths of the cases occurred in conjunction with arteriosclerotic heart 
disease. In 15 per cent of the cases there was evidence of frank coronary occlu- 
sion. 

Patients for wiiom the diagnosis of bundle branch block is made come to the 
hospital for a variety of reasons. The diagnosis is practically never made or even 
suspected until disclosed by electrocardiographic evidence. Consequently, these 
patients first present themselves with a previous history ranging from good health 
to complete disability. Frequently' evidence of bundle branch block is discovered 
in the electrocardiogram of a patient who lias no other signs of cardiac disease. 
In such cases signs or symptoms of cardiac disease may never develop. On the 
other hand, our records reveal repeated electrocardiograms in cases in wdiich 
bundle branch lesions suddenly' developed and death occurred in a short time. 

There is no “clinical picture” of bundle branch block. Although bundle 
branch block may' be discovered in conjunction with wdiat is to all appearances 
a normal or near normal heart, it is most frequently associated with some degree 
of cardiovascular disease. Statistics in this regard do not show the absolute facts, 
because the taking of electrocardiograms is not a routine procedure and in many 
cases the condition is not discovered at its inception. 

In general, it may' be said that bundle branch block is most frequently' found in 
conjunction w T ith definite heart disease aside from the bundle lesion. Consequently' 
the prognosis in cases of bundle branch block is at best no better that it is in cases 
of any form of myocardial disease. How much hazard accrues from the bundle 
branch block is difficult to estimate. In spite of the fact that a majority' of the 
cases occur in aged persons and in patients suffering from cardiac disease, a fair 
percentage of patients live for a surprising length of time and without great discom- 
fort. 

The most important factors to be considered in determining the prognosis are the 
general condition of the patient and the physical signs of cardiac damage. Patients 
who are in good condition and show little or no signs of cardiac embarrassment are 
not as a rule in immediate danger. Those who are suffering from other degenerative 
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disease and present findings of myocardial disease, such as cardiac enlargement, 
cardiac arrhythmia, dyspnea, and peripheral edema, suffer seriously from a bundle 
branch lesion. Gallop rhythm is an ominous prognostic sign. In cases in which 
bundle branch block is associated with frank coronary thrombosis, the patients 
are usually destined to early death. 

The larger percentage of patients die within the first year after the discovery of 
the lesion. Those who survive this first year stand an excellent chance of carrying 
on for a relatively longer time. 

These patients with right bundle branch block lived slightly longer than those 
with a lesion on the left side. Patients with so-called intraventricular block had a 
poorer life expectancy than those with complete bundle branch block. This study 
did not include cases in which there was a minor degree of intraventricular block. 

The aged patients seemed to withstand the ill effects of bundle branch block as 
well as did the younger patients. 

When bundle branch block was associated with syphilitic heart disease, the 
prognosis was poor. Patients with bundle branch block secondary to thyroid or con- 
genital heart disease did much, better than the average. The Theumatic and 
arteriosclerotic patients fared about equally well, the prognosis ranking between the 
two extremes just cited. 

Females, in general, lived longer than males with this lesion. Private and 
charity patients showed no outstanding differences. 

Authors. 


Kienle, F.: Correlation of Electrocardiographic and Morphological Studies in the 

Differentiation of Cardiac Damage, Hypertrophy and Axis Deviation. Arch. f. 

Ivreislauf. 4: 19, 1939. 

This is a report of seven autopsied cases carefully examined histologically. In 
six cases of left coronary insufficiency, the electrocardiogram showed S-T depressed 
in Lead I and sometimes in Lead II. In five of these there was histologic evidence 
of the coronary insufficiency in the form of distinct scars or fresh infarcts in the 
left, but not the right, ventricle. 

Katz. 


Kamberg, J. A. M.: Changes in Heart Muscle in Coronary Insufficiency (An 
Anatomo-Clinico-Electrocardiographic Study). Arch. f. Kreislaufforsch. 3: 340, 
1938. 

This is a monograph of over seventy pages. The first part is a critical assay of 
the theoretical aspects of the subject including a discussion of anatomy and dynamics 
as it pertains to the problem of coronary insufficiency. This is followed by a discus- 
sion of pathologic changes and of the etiology of heart failure. The author then 
summarizes his experiences based on 300 autopsies of healed heart muscle infarcts 
and coronary disease. This is supplemented by studies of sixty-three ward patients 
having coronary sclerosis with or without hypertension or valvular defects and 
syphilitic coronary mouth closure. 

Katz. 


Levine, Samuel A.: Angina Pectoris and Its Relation to Coronary Arterv Disease 
New England J. Med. 219: 743, 193S. -disease. 

‘‘Angina pectoris" is a useful term, but should be confined to designate patients 
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necessary in order to avoid overlooking many cases of angina. The characteristic 
complaints may be so mild or may have occurred so long ago that they are not 
mentioned by the patient. This accounts for the frequent occurrence of sudden 
death in patients with cardiac illness in whose cases the diagnosis of angina was 
overlooked. 

Except for a few conditions like paroxysmal rapid heart action, hyperthyroidism, 
anemia, and aortic valvular disease, angina is always associated with pathologic 
changes in the coronary arteries. Even in the conditions just mentioned these ves- 
sels are often involved. 

Angina pectoris is not synonymous with sclerosis of the coronary arteries, for 
the former is a functional state and the latter is a structural one. The latter may 
be present in the absence of the former. 

Spontaneous attacks of angina may involve factors, especially neurogenic ones, 
different from those which obtain when attacks are reproduced deliberately by per- 
forming functional tests such as the two-step test. 

Author. 

Whitehill, M. Bichard, Longcope, Warfield T., and Williams, Bussell: The Occur- 
rence and Significance of Myocardial Failure in Acute Hemorrhagic Nephritis. 

Bull. Johns Hopkins Hosp. 64: 83, 1939. 

From a study of 138 patients, mostly young adults, suffering from the form 
of acute hemorrhagic nephritis that follows directly upon an active infection due 
usually to hemolytic streptococci, it has been observed that circulatory insufficiency 
often forms an integral part of the illness. It is characteristic that evidences of 
circulatory failure may appear at the onset or during the first few days of the disease. 
These manifest themselves as dyspnea which may become paroxysmal or progress 
to orthopnea, by enlargement of the heart, accompanied by alterations in the impulses 
and sounds, by elevation of venous pressure, and by enlargement of the liver. 

The circulatory failure may well lead to an increase of subcutaneous edema, or to 
cerebral or pulmonary edema, and may produce other deleterious effects such as 
interference with the function of the injured kidneys. These conditions are uncom- 
mon in mild attacks of nephritis, frequent in moderately severe attacks, and present in 
the majority of cases of severe acute nephritis. The use of digitalis in full doses 
lias seemed to benefit some of these patients with severe circulatory failure. 

Authors. 

Thomas, Caroline Bedell, and France, Bichard: A Preliminary Beport of the 

Prophylactic Use of Sulfanilamide in Patients Susceptible to Bheumatic Fever. 

Bull. Johns Hopkins Hosp. 64: G7, 1939. 

Sulfanilamide was given continuously during the course of two winters to thirty 
individuals with recent history of acute rheumatic fever. The drug was taken 
daily over a seven months' period in a dosage of 15 to 20 grains without ill effects. 
None of the patients had a major attack of acute rheumatic fever or an acute beta 
hemolytic streptococcal infection while taking sulfanilamide. Of thirty control 
patients, four developed five major attacks of rheumatic fever during the same 
period, one was hospitalized because of an acute beta hemolytic streptococcal infec- 
tion, and three others had acute illnesses which might have been of a rheumatic 
character. It is recognized that the group studied is too small to permit definite 
conclusions concerning the efficacy of sulfanilamide in preventing attacks of acute 
rheumatic fever, but the results are encouraging and warrant further studies along 
this line. 


Authors. 
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Colnirn, Alvin F., and Moore, Lucile V.: The Prophylactic Use of Sulfanilamide in 

Streptococcal Respiratory Infections, With. Especial Reference to Rheumatic 

Fever. J. Clin. Investigation 18: 147, 1939. 

Sulfanilamide appeared to give complete protection to a colony of guinea pigs 
against spontaneous lymphadenitis with Group C hemolytic streptococcus. Sul- 
fanilamide seemed to protect about two-thirds of the animals which received a 
large dose of the same organisms intranasally, and modified the disease in the re- 
maining third. 

During the course of the study there were no drug symptoms, no frank strepto- 
coccal infections, and no attacks of acute rheumatism. Sulfanilamide did not pie- 
vent the occurrence of a number of “common colds,” one pneumococcus ear infec- 
tion, and one severe bronchitis of unknown etiology. 

These observations showed that quiescent rheumatic subjects can be maintained 
for many months at a high blood sulfanilamide level without demonstrable ill 
effects. These patients were visited by their families, were exposed to 2 patients 
with streptococcal infections who were introduced into The Pelhman Home, and 
lived in close proximity with a carrier of hemolj'tic streptococcus and with six 
nonmedicated patients who had positive cultures or rheumatic activity or both at 
some time during the experiment. Only one of the twenty-six medicated patients 
contracted an infection with hemolytic streptococcus in the throat flora. Twenty- 
five highly susceptible rheumatic children were maintained in good health through- 
out the winter and spring months. 

This group of twenty patients appeared to escape streptococcal respiratory infec- 
tion although a number of them had “common colds” and one developed measles. 
They also escaped clinical evidence of rheumatic fever. Their freedom from rheu- 
matic activity can best be visualized from the record of their sedimentation rates, 
given in Table VII. 

Author. 

Gauld, Ross L., Ciocco, Antonio, and Read, Frances E. M.: Further Observations 

on the Occurrence of Rheumatic Manifestations in the Families of Rheumatic 

Patients. J. Clin. Investigation 18: 213, 1939. 

Facts have been presented relative to the high incidence of rheumatic disease 
in the families of ninety-six rheumatic children. The percentage of persons with 
a rheumatic liistoiy, who had parents with a similar history, was found to be con- 
sistent in two generations of these families and was 3.7 times as high as that 
found in a group of control families. 

The offspring of the grandparents of the rheumatic and control index cases 
were studied to see if any relationship was present between the type of mating 
with respect to rheumatic disease and the percentage of children who wrere 
rheumatic. When one or both parents had a historj' of rheumatic manifestations, 
a greater percentage of the offspring was rheumatic than was found in the off- 
spring of parents who gave no history of rheumatic disease. 

The percentage of female offspring of rheumatic mothers who had rheumatic 
manifestations was found to be almost twice as high as in the male offspring 
of these mothers. 

A greater percentage of persons with rheumatic disease was found among the 
maternal aunts and uncles than wans found among the paternal aunts and uncles 
of rheumatic index eases. 

These findings suggest that hereditary constitution may play a role in the 
predisposition to this disease. The evidence here presented does not, however 
exclude the possibility that infection plays an important role, and that exposure 
may be the predominating factor. 


Authors. 
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Kissane, Hay W., Koons, Ruth A., and Mahanna, Donald L.: The Role of Syphilis 

in Coronary Artery Sclerosis, Occlusion and Angina Pectoris. Urol. & Cutan. 

Rev. 63: 3, 1939. 

A review of 5,859 autopsies, divided into syphilitic and nonsyphilitic groups, 
revealed the incidence of coronary arterj r sclerosis in the syphilitic group to be 
approximately four times greater than that of the nonsyphilitic group. However, 
this cannot be considered as evidence that syphilis is an important secondary 
factor in the production of coronary artery disease. 

The incidence of coronary artery occlusion in the syphilitic group as compared 
to the nonsyphilitic group was slightly greater but was considered coincidental 
because of the small number of syphilitic cases against the much greater number 
of nonsyphilitic cases. 

A stud}' of 3,329 clinical cases, divided into syphilitic and nonsyphilitic groups, 
revealed the incidence of angina pectoris to be almost ten times greater in the 
nonsyphilitic group than in the syphilitic group. 

It is evident that syphilis is not a primary or secondary factor in the produc- 
tion of coronary artery occlusion or angina pectoris. 

Authors. 

Stem, Neuton S.: Arteriosclerosis: Considerations as to Etiology. Southern 

Med. J. 32: 370, 1939. 

There are reasons for believing that vasa vasorum in the walls of arteries 
extend through the media and the intima as well as the adventitia. The occlusion 
and inflammation of the vasa vasorum cause the lesions described as arterio- 
sclerosis. The occlusion may be caused by small particles, such as emboli, clumps 
of bacteria, fibrin particles, fat globules, clumps of white blood cells, phagocytes, 
pigments, cell detritus, and nuclear fragments. In addition a number of other 
possible mechanisms of blocking of the lumens of vasa vasorum are discussed, 
particularly with reference to diabetes mellitus, obesity, hypertension, and old 
age. In this manner the author attempts to unify the various theories which 
have been advanced to explain the development of arteriosclerosis. 

Naide. 

Rook, A. F., and Dawson, D. J.: Hypotension and Flying. The Lancet 2: 1503, 

1938. 

Hypotension may be said to be present when the systolic blood pressure is be- 
low 110 mm. Hg or the diastolic below 70 mm. Hg. Moderate grades of hypoten- 
sion are considered to be present if the systolic level is between 110 and 100 mm. 
Hg or the diastolic between 70 and 60 mm. Hg; severe grades when the systolic 
pressure is below 100 mm. Hg or the diastolic below 60 mm. Hg. 

Hypotension is sometimes accompanied by symptoms, such as postural giddiness, 
and, when so associated, is an absolute bar to all flying. An isolated finding of 
a severe grade of hypotension is compatible with good health but always calls- for 
considerable caution when assessing for flying duties. 

Hypotensive persons may be divided into two ill-defined groups: (a) occasional 
hypotensives, and (b) persistent hypotensives, (a) Occasional hypotension is not un- 
common and is found in a large proportion of young adults when repeated examina- 
tions are made. As an isolated finding moderate grades are of little importance so 
far as flying is concerned, (b) Persistent hypotension is comparatively rare. It is 
not necessarily, or even usually, permanent but lasts only for a variable period. It 
may be associated with symptoms of hypotension or with some underlying disease, 
in which case it is a bar to flying. It is, however, compatible rvith good health, and 
then piloting duties may be permitted. 
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It is probable that tlie ability of tlie cardiovascular system to withstand 
centrifugal effects during flight depends largely on its power to react rapidly to 
stress. This power is as necessary for the person with normal blood pressure as for 

the hypotensive. Authors. 


Westcott, F. H., and Wright, I. S.: Tobacco Allergy and Thromboangiitis 
Obliterans. J. Allergy 9: 555, 193S. 

The authors found no evidence suggesting that thromboangiitis obliterans was 
related to tobacco sensitivity. Skin tests and reactions were no more frequent 
in a croup of patients with this condition than in a control group. 

B . McCulloch. 


Mendlowitz, Milton: Some Observations on Clubbed ringers. Clin. Sc. 3: 3S7, 

1938. 

The response of the blood vessels in clubbed fingers to environmental tempera- 
ture changes is qualitatively normal and the maximum heat eliminations of the 
hands of patients with clubbed fingers are within normal limits. 

The maximum heat elimination and lienee the blood flow of the distal phalanges 
of clubbed fingers secondary to lung or congenital heart disease are usually increased. 

The digital arterial pressure is increased and the brachial-digital arterial pres- 
sure gradient decreased in clubbing secondary to lung or congenital heart disease. 
In hereditary clubbing these pressures and gradients are normal. 

The blood flow of the unilaterally clubbed finger tip, as indicated by maximum 
heat elimination may be increased or decreased. No significant change was found 
in the blood pressure gradient except for a bilateral decrease in a case interpreted 
to be bilateral clubbing with acceleration of the process in the fingers of one hand 
due to a sympathetic nerve lesion. 

Author. 


Homans, John: Varieties of Thrombophlebitis of the Limbs. Their Origin, Course 
and Treatment. Am. J. Surg. 44: 3, 1939. 

This is an excellent account of the known varieties of thrombophlebitis. The 
factors involved in the development of thrombophlebitis are mentioned. Each 
type is described and treatment is discussed. 

Naide. 


Weir, David R.: Polyarteritis Nodosa. Am. J. Path. 15: 79, 1939. 

A case of polyarteritis nodosa is reported with clinical and pathologic findings. 
A number of unusual features were found in the gross and microscopic examina- 
tion. These unusual features are: (1) Evidence that the primary lesion occurred 
in the intima and inner layers of the media and progressed outward through the 
wall to the adventitia; (2) occurrence of all stages of arteritis from the earliest 
acute to the healed, but restriction of the lesions in each individual organ to 
roughly one stage; (3) remarkable parenchymatous lesions of the lungs and spleen - 
and (4) resemblance of the gross autopsy findings to widespread tuberculosis. 
In no instance did the disease process involve arteries greater than 1.5 mm. in 
diameter. 

The findings in this case and evidence presented by others make it reasonably 
certain that the lesions are not primarily periarterial. The author agrees with 
the suggestion of others that the name polyarteritis nodosa be substituted for the 
misnomer, periarteritis nodosa. 


Naide. 
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Burwell, C. Sidney, Strayhom, W. David, Elickinger, Don, Corlette, Marvin B., 

Bowemian, Earl P., and Kennedy, J. Allen: Circulation During Pregnancy. 

Arch. Int. Med. 62: 970, 1P3S. 

Observations on the pulse rate, the systemic blood pressure, the vital capacity, 
the arteriovenous difference, and the cardiac output made for four women during 
the course of pregnancy, and in the puerperium, may be summarized as follows: 

The basal pulse rate is higher during pregnancy than after delivery; the basal 
blood pressure (particularly the diastolic phase) is lower during pregnancy than 
after its termination. 

The cardiac output is increased, by as much as 50 per cent or even more, during 
the period of maximum increase. This increase is usually demonstrable by the 
third or fourth month. In the last weeks of pregnancy there is a fall in the cardiac 
output toward normal, and after delivery it is within the limits usual for nonpreg- 
nant women. 

The increase in output is greater in proportion than the increase in oxygen con- 
sumption; therefore the arteriovenous oxygen difference is diminished. 

The observations on venous pressures in pregnant women may be summarized 
as follows: 

Venous pressures are nearly the same in the arm and in the leg in supine per- 
sons, both normal persons and patients with central obstruction, leading to general 
elevation of the venous pressure. 

Difference between these pressures may exist when there is a condition affecting 
the venous return from a part of the body, such as a mediastinal or pelvic tumor. 

In pregnant women by the beginning of the second trimester the pressure in the 
leg is notably higher than that, in the arm. It continues high throughout preg- 
nancy, but after delivery it is found to be no higher than the pressure in the arm. 

These observations on animals may be summarized as follows: 

Pressure in the femoral veins is elevated during pregnancy; that in the uterine 
veins is higher than that in the femoral veins. 

These changes arc not due to an increase in general intra-abdominal pressure. 

The femoral pressure may be lowered if the uterus is elevated and supported; it 
may be further lowered if the uterus is excised and its vascular connections are 
severed. 

Blood from the veins draining the pregnant uterus tends to exhibit an oxygen 
content that is high in relation to that of the blood in the right ventricle. 

The demonstrated phenomena of the circulation in pregnant women and preg- 
nant animals, plus the available knowledge concerning the structure of the placenta, 
lead to the conclusion that the changes in the circulation during pregnancy are in 
the main to be ascribed to two mechanisms: (1) an arteriovenous leak through 
the placenta and (2) an obstruction to venous return by the enlarged uterus. 

AUTHORS. 

Mayer, Karol: An X-ray Inquiry Into the Genesis of the Current of Venous Blood 

and Lymph. Radiology 32: 275, 1939. 

The arterial pulse in any organ is transmitted to adjacent tissues. With every 
beat the suddenly growing pressure produces greater rigidity in the region sur- 
rounding the venous and lymphatic vessels. Since the direction of least resistance 
is toward the heart, the increased pressure on the veins and lymphatics, with each 
beat, causes a movement of blood and lymph in the direction of the heart. 

Naide. 
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McGuire, Johnson, Shore, Bose, Hauenstein, Virgil, and Goldman, Fred: Relation 

of Cardiac Output to Congestive Heart Failure. Arch. Int. Med. 63: 290, 1939. 

In nineteen of twenty cases of congestive heart failure the cardiac output was 
subnormal, the mean value being 1.52 ± 0.06 liters per square meter per minute, 
while in control cases the mean was 2.16 ±0.03 liters. 

In the groups of patients with congestive failure of varying severity there 
was a trend toward reduction of cardiac output with the severer manifestations 
of failure. 

Authors. 

Heim de Balsac, R.: Anatomical-Radiological Study of the Thoracic Aorta. 

Presse m6d. 45: 1749, 1937. 

This is a study of the aorta by contrast media injected post mortem and by 
casts. The changes determined by age and by the different shapes of the thorax 
are described in detail. 

Jensen. 


Stevenson, C. A.: The Use of Roentgen Therapy in the Carotid Sinus Syndrome. 
Radiology 32: 209, 1939. 


Five patients with carotid sinus syndrome received roentgen therapy, with 
definite prophylactic value in each. 


Naide. 


Smithwick, Reginald H.: Medical Progress: Surgery of the Sympathetic Nervous 

System. N. Eng. J. Med. 220: 475, 1939. 

This is a review of the applications of surgery of the sympathetic nervous sys- 
tem to peripheral vascular disease, anterior poliomyelitis, hyperhidrosis, Hirsch- 
sprung’s disease, essential hypertension, pain in the head, face and arms, causalgia, 
angina pectoris, abdominal visceral pain, and genitourinary tract pain. 

Naide. 

Wald, Maurice H., Lindberg, Howard A., and Barker, M. Herbert: The Toxic 

Manifestations of the Thiocyanates. J. A. M. A. 112: 1120, 1939. 

After ten years’ experience with cyanate therapy in hypertension, carefully 
controlled by determination of the blood content of the drug, the authors present 
an analysis of the literature on the subject of its toxicity and make suggestions 
for the clinical guidance to the toxicology and therapeutics of this salt. The 
beneficial action of thiocyanates in cases of hypertension depends in part on 
their peculiar toxicology. An attempt is made to differentiate those toxic signs 
and symptoms which might occur normally in the hypertensive person from those 
which occur directly as a result of cyanate intoxication. 

SjTnptoms which appear during thiocyanate therapy must be interpreted in 
the light of the level of the blood cyanates. Without blood cyanate determina- 
tions, this drug should not be used. 


Naide. ' 
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The Heart in Pregnancy: By Julius Jensen, M.D., Pli.D. (in Medicine), University 
of Minnesota, M.It.C.S (England), L.B.C.P. (London). Assistant Professor of 
Clinical Medicine, Washington University School of Medicine; Assistant Physician 
to Barnes Hospital; Physician to St. Louis Maternity Hospital and St. .Louis 
City Hospital. 371 pages, $5.50. St. Louis, 1!)3S, The C. Y. Mosby Company. 

There has been a great need for some such book as this on the subject of heart 
disease and pregnancy, to bring together the many scattered observations which 
bear on the physiology of the circulation of the pregnant woman and the effects 
of pregnancy upon the patient with heart disease. One might wish at times that 
the references to the literature did not extend back beyond the beginnings of our 
present concepts of heart disease, though perhaps there may be value in calling 
attention to the abandonment of former concepts, thus teaching us to be more 
critical of the ones to which we now hold. Most of the older literature cited has 
little more than historical interest, and serves at times to obscure the more modern, 
and, we hope, more firmly grounded observations. The review of the modem lit- 
erature is very well conducted, and the opinions of the different observers well 
correlated. The author’s critical attitude is conservative and tends to point out 
the need of further investigations and the lines along which these should be pro- 
jected. His application of the statistical method to the case reports in the litera- 
ture leads at times to interesting and important conclusions. Owing to the caution 
with which ho handles the statistics, one is usually ready to agree with these con- 
clusions. At other times the material upon which the different case reports have 
been based has been collected by authors with such different standards, and in hos- 
pitals with such different types of clientele, that they cannot be logically grouped 
to form a basis for statistical conclusions. The author is aware of this source of 
error and discounts its results as much as possible, but it always remains an inher- 
ent and unaccountable source of weakness in his conclusions. 

The causes for the increased cardiac work during pregnancy and what is known 
of the mechanism whereby the heart meets these demands are discussed.- When 
all is said and done, our knowledge on these subjects is meager. There is a profit- 
able review of the effects of pregnancy upon the normal heart and circulation 
which will serve as a basis for an understanding of the changes that might be ex- 
pected in a diseased heart during pregnancy. There is an interesting discussion 
of the frequency and importance of cardiac arrhythmia during pregnancy. 

Over a third of the book is occupied with an excellent discussion of the various 
aspects of rheumatic heart disease which result from the advent of pregnancy and 
labor. The section on the diagnosis of rheumatic valvular disease seems to place 
much less emphasis upon the observation of physical signs than do the Criteria for 
the Diagnosis of Heart Disease of the New York Heart Association. The condition 
described as functional heart disease of pregnancy warrants special attention, for 
it is so rarely described in the modern obstetrical-cardiac literature as to Taise a 
doubt as to its occurrence. The reviewer has not seen such a case. The appearance 
of dyspnea, tachycardia, and edema during pregnancy in a patient with heart dis- 
ease cannot “always indicate that a damaged heart is becoming embarrassed,” for 
such symptoms appear in many healthy women during pregnancy, and it is likely 
that they may arise in a woman with heart disease by the same mechanism as in 
the woman without this handicap. 
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There is a good discussion of the management of decompensation during preg- 
nancy and the indications for interrupting pregnancy because of heart disease. The 
semirecumbent position during delivery is mentioned, but its importance is scarcely 
sufficiently emphasized, especially for certain patients who show a tendency to 
dyspnea when lying flat. Forceps and cesarean section and anesthesia receive sat- 
isfactory discussions. Cesarean section is recommended as the safest way of re- 
lieving an embarrassed heart of the strain of labor. It is interesting to read that 
there is “no evidence that lactation has done harm where compensation lias been 
adequate,” for this viewpoint is sufficiently considered by obstetricians. The effects 
of pregnancy upon degenerative heart disease, hypertension, congenital heart disease, 
kyphoscoliosis, and syphilitic heart disease are also discussed. 

The bibliography occupies over fourteen pages, and, although a certain amount 
of this is only of historical interest, it includes all of the worth-while modern con- 
tributions of European and American authors. Such a compilation in itself is of 
great value to the student of the overlapping terrain of obstetrics and cardiology. 
Anyone who has had experience in this field or who wishes to acquire knowledge 
of it will find this book a most valuable source of information and reference. 

Harold E. B. Pardee. 




Books Received 


Allgexieine Electkokardiographie, Ed. 4, by Prof. Dr. Eberliard Koch, Bad- 
Nauheim, 1939, Theodor Steinkopff, 41 pp., 41 illustrations, EM 2.25. 

Electrocardiographs Experixientale. Application a La Pliysio-Pathologie du 
Coeur Dualite du Coeur Arythmies, by Docteur E. Desomer, Paris, 193S, Masson et 
Cie, 142 pp., 77 illustrations, GO francs. 
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